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lér Enefgy 1s being iﬂcreggingly emplayed in the Uni.l;ed States s This article Ls
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needs : the "hard" roufe involying céntralized high technglogieés and  * R
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~ least E\‘_‘Dﬂam:[.cally viablé f‘m: future applications to home and _
industrial ‘use.’ Enlitical and technical issues are summarized. LT
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Bl manufacturing pi:‘c:blems and overcoming present regtrigtiqns and
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- 'Ihe pm:ential of golar energy fnr hgating and elec:Erical pawar i.s\
' being proved by nymerous scientists, engineers, and innn?atzjfs.
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case-study approach.

. .
¥ ) i s - . !=\=_'s
. o S < , ' _
» - / ,
' ’ . ’ s ¢ ¥ -
- .y V1 ' = =
4 . .
¥ 4 9 ook i . N
f : = - ' : . 7“
TSN B A ,
. i . -
, . . 4
- 4 =" [ ,;N = B 2 e



Az&cdegypﬁm,allpraygltoa N
"sdei;v ﬁithontwhpmnoﬂmedﬁldhve N

.i\_:':g'_ 7. 7‘ i 5 : = 7751':‘_'
by Isaac Asnnov X ’ L

throtigh a long night; if it were dark’

and chilly, witno source,of fight and -
i ﬁalderlng%mpﬁc, if you could hear

at ‘might mepn predatory animals that
could see, fai better in the dark than you couldyif you could -
’ sleep no more—what wauld be the. greatest sight?

P lr !DII were 4 prnmfwa persgn wmting

east, the bnghtenmg of the dawn, which brought the sure
* promise that, in a short while, poking above the: horizon,
.. -would come the auulltself to mah: the world- hght j.nd
warm and secure again.

attnbuted in myrmd gods. surely amang the chief of them

) 'command in the Blble wﬁs “I;:t there be 11 ht“ (tg be i:aL
- lected into sun, moon, and gtmfn the fourth day) for \mth-
. out light nothing else was possible. :

 the plmmple of creation, creator of everythmg, even of him-
self. Each Egyptian mty had its.own god, often_:quated with -

the gnd ﬂf that clty, Arﬁnn! became Amnn-R:, god of Thgbes
and of the sun. ‘

" Then, about 1360 B.C., whgn for the first {ime in hlstgry,
as far as we km;\w, a l‘ﬂnﬂﬂthﬂsﬁc rehgmn was :stabhghcd

gn:l he wurahlged was the god of th: sun.

called Shamash, the giver -of life and light, and the. father
of law and justiee And why not? It's natural even today to

that the cleak of darkqess hidd# evil and crime.

“Tuf the pnnthr:mi India ]:iad the r:dh:aded Surya, frorh whom
’terasu (unusual in bemﬁ a sunigﬂdds::). and ;i 3he waé gét
the ‘ancestress of the human species, she was at least the
progemtm of- the Iap ES: rulmg hause, of which Hirohito
T‘he Nﬂrge had the eaunful Balder. gad of the mn, t:f
_youth, and of beauty, w :
of the moon. And so i gn:s the EﬂﬁEﬂt Ingh hajj Lugh,
. the ancient Britons, L!t:k’ug the ancient Slavs, Dazhbog, who

;lit;a;it;a :biaehgmm .fﬂflﬁ Asimov is an unrestrained author

SR Ty L . who has written a galaxy of articles and more than 170 books. -
Torib of Irinfifer s Iljgbgs-—“thg godofthatcity -~ ‘His latest: a collzction of mystery :hf}rt stories snmlgd -
became Amon-Re, god of Thebes and t_z], the sun.” ) More Tales of Lhe;’ Black’ Wlansm . i

R-1 - S B

It. would have to be the- soft graying of the sky in ﬂae :

, In those day;, when the. wa:hnga of t.i universe were

the si.m—gad When th: Emtmﬂ emplre was st its height, -

The equally: old Babylnman civilizations had a sun-god

Every civilization had:its sun-god among the great powers"

- To the ancient Egy?nans, the aun-god was Re, aﬁd he was -

- 2

equate Jaw and justice with the llght of the sun and to feel r

N
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* flery horses that only.

i

. charge of the solar chariot for a day.

" of.control. Rearing and plunging, ‘they ¢

| P : . -

was also the god ﬁf;wg;i_jlh-‘g and success—undoubtedly be-

cause of the sun’s golden appearance; the Polynesians, Tane,

who was also the god of all living things; the Maya, Itzamna,
the sun-god who was the first, the oldest, and the creator of
all else; the Aztecs, Quetzalcoitl, a sun-god who was also
the god of wisdom and the inventor of the calendar..

.In the West, however, the best-known sun-god is the
Greck Helios, who wis later identified with-’épﬂll_ﬁ% Whereas
the Egyptian sun-god, Re, crossed the sky in & boat, Helios
he could control. .
The difficulty of keeping those raging steeds on 't

tieir
courss was the thought that gave rise in Western Hicrathre
to what is perhaps the best-known myth involving the s
godk Helios had a son, Phaéthon, by the nymph Clymer,

‘When doubts were cast on his paternity, Phaéthon went to .

Helios and insisted that.the god vow to vindicate his son’s
honor: Helios vowed, and Phaéthon demanded to be put in -

]

S : Culvar

Hélios—"fiery horses only he could control.”

_ Heliog was forced to give in, and Phaéthon took the con- -
trols. Feeling an inept hand on the reins, t:?mfses‘ went out
me too close to -
earth, burned a desert across northern Africa, and baked the
African peoples black. The earth woitld have been destroyed

wn by four

if the Greek master god, Zeus; had not struck Phaéthon out

of the chariot with lightning ind allowed the horses to return

of their own accord to their actustomed path.

HE normal path of the sun is itself a:
I ‘matter of adventure. To help use the

- sun and moon as bases for timekeep-~

ing, -the ancient, Sumerians (the earliest civilization in the .

Tigris-Euphrates Valley) were the first to mark off the stars
into those groups we now call constellations, and they gave
them fanciful names based on resemblances of the distant
star configurations to familiar objects: The sun, in the sourse

: of the year, passed through twelve constellations of. ‘the

Q

zodiac, called after the names of lions, crabs, arid archers.
The tale of the sun’s journey would recount his victory °

over each danger hwzcmiﬁtered, and the suspense would be

great, for only by his'victory could his course be sugcessfully
completed and human survival assured.” It may be that the

‘R-2
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~ through the twelve dangerous constéllations—

" by clouds, In thdse parts of Europe whef®, Elouds and storms

5

.o

»"“-,ﬂ,

lwgﬁe labors that HE‘]‘EU]E muét;succ&fuﬂyiﬁmglgté ‘be-
fore achieving rest in heiiven is a version of the

scured by changes in the names of the constellations and by

Yet the sun’g gareer is niot one of unk
ever triumph#i¥iffe may be ordinarily

ke can be obscured

are common, it may be the lightning-wielding god of the s}

“or of /

i N . R
i . &

sun’s passage -
A version ob-

* the accretions of incidents by ancient mythmakers. -

storms who is supreme~«the Zeus of the Greeks and'the

Thor of the Norse. Even the Bible seenis to depict, Yahweh *

as having been a storm-god in primitive times. -
- There is

’ also the danger of eclipse, which temporarily B
_ . seems taslay, in part or in whole, either the sun or the moon, .-

* In the Norse myths both the sun and the moon are eternally

pursued by gigantic wolves zaJ theyamake, their way across
the sky, and occasionally the wolves overtake the luminaries -

and hide them, temporarily, within their slavering jaws,
~  But the storm cloud appears only occasionally, and the
eclipse is even more rare. One solar death, however, is pt-

© (riodic and inevitable. At the close of each day, the sun, no

‘matter how glarious its reign, muist sink beneath the western

horizon, defeated and bloody, and night returns in victory.

This is represented most, colorfully in the Norse tale of
their sun-god, Balder. Balder, the joy of gods and humanity,
is troubled suddenly by a presentiment of death. His mother,
Frigg (the wife of the Norse master god, Odin), exacts an
- oath from all things to do no harm to Balder but neglects to

+ 'include the mistletoe. The gods then engage in the game of

hurling missiles at' Balder in* order to watch those missiles
" swerve away of their own accord.
The evil god of fire, Loki, learning of the exemption of

gives it to Hoder, the god of night, who, being blind (after
all, one cannot see by night), has not beer participating in
the game. Loki guides Hoder's aim and Balder falls. The sun
had died upder the attack of night. - :
. A less obvious solar myth may be the Hebrew egend of
Samson, The Hebrew version of the name, Shimshon, bears
a striking resemblance to sherfesh, the Hebrew word for
“sn” (itself related to the Babylonjan ii;amash)_ . Two mifss
¢outh of Samson's traditional birthpldce was the town of
Beth-shemesh (*house of the sun”), beliéved Yo have been a
center of sun worship.” ™ ., - o
Samson, like Hercules, survives various dangers because

the mistletoe, carves a mistletoe branch into a spear and

of his superhuman strength. What's more, Samison's strength
derives from his hair, which may be viewed as representing -
the golden rays of the midday sun. When Samson’s hair is

shorn; he grows weak, as does the sun when it approaches
the horizon, red and rayless, so that.it can be looked on with-

out harm. It is in the lap of Delilah that Samson sleeps when -

he is shorn,.and Delilah’s name is closely akin to the: Hebrew
lilah, meaning “‘night.” The sun sinks into the lap of might
and is defeated and blinded. But Samson’s hai? Erows again
and he recovers his strength for one last feat, since, after all,
the’sun does rise the next morning. e :
In fact, in the sunny lands particularly, the sun must sur-
vive all the onslaughts of night and must win in the end. In

. Persian mythology Ahura Mazdah,.the god of light, fights

Ahriman, the god of darkness, in a cosmic battle that fills
the universe—and it is Ahura Mazdah who will win at the
.end of titme. (The Jews of the Persian period adopted this
vieCi and’it is from 400 B.c. onward that Satan cnters the

il

.



_ Iudgiﬁ, and latEP !h: Chmlmn, consemusness as the" dar‘ R
" adv:rsary of God, 1o be cf;f:ated .at the end.) :
" The sun's setting and rising is one inspiratiofi fmlhe many
» .- mythic tales mvnlvmg the death and resurrection of a god. -
; . ‘An even more lmpresswe deathgnd resurrection is the death
- of vegetation with the mmmg of wmter- and its r:starstunn
' " in the spring.. :
.. . The tale of Balder mlght just as well be’ the symbal uf't :
" 7 gbd of suminer's being slain-by the god of winter, Similar o
] "slgmﬂcance can be given 10 the death and resurrec on ﬂfjj T
_Osiris among’ the Egyptlans, of Thsmm’uz gmong, th: Baby-
“lonians, and of Proserpine’ *amang the Greeks.” . .
But-the sun is clgarly connected, with the summer-winter
. ; cycl: a3 Wﬂl as gvith tha day- mght eycle. Throughout th e~ LA

i T

#

: "‘Eurapmn summer, fhe noonday sun reaches a slightly lower
point in the southern’ sky each day than it did the day before..

_As the sun's path in' the sky slowly sink§Seuthward, the
temperature grows colder ‘and the VEgEtStlDﬂ turns bn::wn
and dies. . e

If the sun should cnntmue to smk and should pass dnwn

.. behind the southern hx:n:x:n altc:getheri death would be uni-: :
b versal and pérmanent; but that does not happen. The rate of v i : ' “Culver \
. sinking slows, and each year on December 21, by our calena S n Egldgr the Norse. mn-gadmmarned to the moon.
* dar, the sun comes to a halt—solstice (from the Latin 3 -
* solstitium, sun halt”)—and thereafter begins to rise again: " with its _promise of a rcmrn ‘of summer and pf tie golden
+ The winter may continue to sharpén after the solstice, but time of Saturnian agriculture, .was églgbratgd with a week-
' - the fact that the mﬁﬂday sun rises steadily hlgher in the sky . long Satumalla from December l7 40 24. Tt was a time of -
ls a gua:antm: that sprmg ﬂm‘i summer wnll come once mcre " . unrelieved merriment and joy. Businesses closed so. that
. ‘nothing would interfere with t e\cﬂl-ébi'ati'cm; and gifts were
sun, is ther:fure a tunc fm‘ a gfeat estlval celebratmg the - . given all round. 1t 'was a tlrn ‘the brotherhood of hu-
rescue aé.,all life. : v = manity, for on that day servants -and slayes were given theix .
The most familiar solstice celebration uf anci€nt times was tgmpmary freedom and were allowed to join in the celebra-
_that of the Rﬂmans The Roman hEllEVE :that their agri- ) tion with theirl masters and ;cn to.bé waited on.
. cultural god, Saturn, ruled Italy"during an early golden age The Saturnalia did not disappear. In fact, other evidences
of rich crops ﬂﬂd PlEﬂtlfUl food. The winter solstic€, then,. - of sun worship came in the time of the later Roman Efipire.
Heliogabalus, a priest of the Syrian fun-pod, sat on the
L, - Incas warshlpmg the sun—" ﬂ*‘ffi' gf:;h;nnan Roman throne from'A.D. 218 to 222, and about that time, —
. . _had its sun-god in the pantheon of powers.”” .the worship of Mithra, a sun-god of Persia, was becnmmg _
A S ’ A IR Battmonn Archive popular, especially among the soldiers.  * -
T S R W I The Mithraists celebrated the birth of Mithra at the winter ~

. salshce, a natural time, and fuged on the day Dgtember 25
s0 that the popular Roman' Saturnalia could build up to thE
Mithraist “Day of the Sun” as a climax.

At that time, C‘hﬂsuamty was locked in a gn:at duel with
the Mithraists for the hearts and minds of the people of the
Roman' Empire. Chnstlsmty had the great advantage of ac-. .
cepting women into the religion, whereas Mithraism rejected
them (and, after all, it was the mother; nef the fsther whn
influenced the religious beliefs of the chlldren) ‘Mithraism,
however, Had the Saturnallan festival of the sun on its sn:ie

Sometime after A.p. 300, Christianity managed the ﬁnal

oup of absorbing the Saturnalia, and with that it scored its

- final victory over Mithraism.  December 25 was éstablish*éd '
.as the day of the birth_of Jesus, -and the gr:at festival was -

. mads Christian. There is absolutely no biblical authority. for
December 25'as havmg been the day of the Nativity. )

" »All the appurtenances of the Saturnalia were adoptedl’
anyway—the joy and merriment, the closing of businesses,

" ._the brotherhood, the gift gnfmg All was given new meamng, '

e ) But all was still there.

3 So that beneath the panoply of lhe telebratmm of \he birth
of the Son is the distant echo of that far DldEl‘ rite, the cele-
", bration of the birth of the sun. @

|
|
9
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_ ADVENTURES IN ALTERNATE ENERGY,

A rnc:mthly s«:lrnpling of prGjEC:TS PS readers hayef

dewsed tc: CDF\SENE of raplg o=

Belfast, where uus house is located,
is on northwestern New York's

“cold shoulder”—that -7000-degree- .

day blizzardy tract abutting Lakes
Erie and: Ontario. Last winter, the
Edneys spent an average of 85
cents a day to siay warm in the
1128-sq.-ft. house they built them-
selves with. Eelected Jprofessional
help. .
The house, complete wlth $7200
worth of solar and wood-heat equip-
ment, cost Dave and  Cynthia
Ed,ney sbout $25 a square foot.
- That's the going rate for a lot of
solar mllgcters these days, like the
ones in*the “world's most advanced
golar home” [PS, July]. Dave, a
mechanical engmeer and C_ynthm
a chemist, are cunvxﬂced that a

( well-degxgned energy-gfficient house

i8 not an impossible dream for
yeung coupies (he's 30, she's 28).
- 8o how did thE‘Edneys end up
hzating’ their home for $26 in Jan-
uary of That Winter of 777 By a
Judxcluug mix of: domestic technol’
ogies, both in overall deqn;{n and i
4

~David cjnd Cyn :’
Solczr -assisted

ﬁeat pump

L
FAINTED FgAT -LAEFE

SOLAR
SOLLECTON

" meters twice a day; for co

areafng
BWITOH

nga Ednay monito

Jormance data. Edney reports “'solar-
't:allat:mr effu:lem:y averages 60 parcert. . .

The 280-sq.-ft. Alulminum trn:k?a\ﬁﬁix
lector dwarfs Cynthia Ednéy. Heat pump
(above) is capped with insulated duct.
Piping at réar brings water to and from

" water-heating coll in fireplace,

THEAMSETAT

- 4 :
(@ e PIB S .
A L )
- . ! .

LivimS
AHE &

LT ——

the heating system itself. The house
ia a single-floor ranch style with two
bedrooms and a family room
slab.on-grade, except for an exca-
vatéd 12-by-12-ft, basement; a 24-
by-30-ft. garage/shop is attached,
The walls of -the house (post-

and-beam construction, with no in--

terior load-bearing Iwalls) are six

R—f
S 13

E. 57 e

2 BT rEOFOAM
& PooL

. LIHER
. \& = zi—“‘jfj

. It's .

FIHEFLACE

t
[

inches thick. The raof, nearly flat
to main an insulating snow
load ‘in wirter, ‘has - aluminum
sheeting to reflect heat in summer.
And it's got six inches of, insula-
tion, Grape vines planted around
the west-facing porch (great- grand-
ma knew how to keep Fer cool) re-

Continued

fu
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Solar heat pump

[Continued ]

duce E&at gam on. summe
noons;The garage and ahop are on
the notth side to shield "the living
__ area. from harsh winds. A *closed-
' door pghcy, an old but*oft-forgot-
tEn trick,zones :heat into living areas
winter: The family ‘room, for
example, . is self-contained, with
wood stove and spring water for
use under extreme conditions,
‘There are three major components

b

to the Edneys’ Jﬁeating system: a '’

& . .
York solar-assisted heat pump; the
flat-plate trickle collector that sup-
-plies the pump, and a bacl-:up ﬁre=
place, cnmplete with outsid
ing and water-hegting coil.
The heat pump extracts heat
from' the solar-heated water and
supplies that heat to the. forced-air

L

systenr ng a refrigeration yele.
'l‘he process is [EYET‘%]b]E ‘to provid
“cooling in summer. 'When water -

tempera,tures are between 45° and

= L

— .

/in the forced-air duct
the fireplace

85°, the heat pump comes on line,
Above 85¢, the house is heated di-
rectly by water thtough a -radiator
(see dia-
gram) ;' below 45°,"
supplies auxiliary heat.

The fireplace, is equipped with
heavy -metal doors that can be
closed ~for good draft control. Air
preh théd ﬁmund the ﬁreb@x %up—

fr(:m thE Lﬂll is - pumpgd to thrs
solar storage tank to replenish the
supply, or can be used for domestic
hot water. The fireplace supplied
about 16 percent of the total heat
requirements last v nter. Its com-
bustion air is supplied from the out-

sxde a E[‘ﬂ%lbli‘ setup: W’hv wastE

the fire could dD Juat as well with
Cnlder ;311” . ~
south wall is carrugated 'llurmnum
sheet painted flat black and double-
glazed with acrylic, with four inches
of Styrofoam insulation behind.
Water tric‘klea over the QSD %q;—ft,

ﬂows into’ a belnw gmund 150“ gal.

. concrete tank that provides about

fwo days’ storage. .
-The Edneys estimate that it
wotld have cost $284 to heat their
house’ with an electrical-resistance
system last winter. “This gives us
a system C.0O.P. (coefficient of . per»
formance) of ap,rﬂ mately 2.33,7
they say.
The table bheldw ihdicates. per-
formance data for the last heating
geason. To ask a specific question,

send ~, stampeld return envelope to
the Edneys, ¢/o Belfast Specialties
Co., I’U Box - 501, Belfast, NY.
14711. o=

Performance data 157 6-197

@
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Dec.

dan.

Feh,

Mar. E

Apr, '72.41 -2.370.560

'House haat lass at 10°
day

by huu % in manth

JFigur@d from sisctrie meters on heat pump
and /water pump, and -from haour mieters,
haged on electric rate per kilowatt hour
‘Reflective aluminum covers waere' installed
an  April 13, when sto temperature
reachad 1457 System w ut duwn frrjrn
thigs paint, azcopt for the b
will bie in place votil aarly ﬁrtnhr-r hr:wt .slll
ke provided from storage or fram the fire-
place until then.
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heat pumps

~home heating and Coc:)hng
frDm your ownwell

"By RDEEHT GANNDN

' yoqrs.

RIC

v

If you're sitting on

."'good”’ water

you may gut your

fuel bis dramatucall(

If you're building a home oryj
planning to I'{'pl.lL{‘ vour furng
protnd- ater Heat pump may be
what you're looking for

A what”
i A ground-water heat punip is i1
device that couls  water: usually
from a wBll and then pumps the
extracted heat into vour home. In
summer it wdthdraws heat from the
dide air and uses Wigter to carry it
awiy, X

Do vou h
good | water,
clitmite,
tral nir
new furnace? If 50, you (mlld use.
ground-water heat pump —%mt}u cho
a third, a half, and mavbe' oven
more from vour heating and cooling

bi

a large supply nf
live in o reas
dml plm: tlm ins td” (A3

Fhe iden wnrks Good equipment
is availdble. It ordi FOLLITES
little maintenance, casts not much
more than conventional furnnees,
and amortizey itself in only a fow

0 why aren't more people using

the stem? The question has a
number of answers, and  theg're
cognfusing.* Ask  someone in  the

trade  about ground-water  hegt
pumps and wpu're likely to get
ATLSWETY thut uninformed, mis-
informed, or ,wnrlght 1

To try to arrive at the truth {'ve
spent the last few months tﬂlking’
with researchers,  manufacturers,

pump
5 moves it

contractors, engineers, and hotfle-

I helieve I've
the main factors, and I've arrived
at a concl Lmn If you ean use
You'll probably save
Il a heap of money. But that
tf 15 a muddy one.

First,  some background:
hnmmwnﬂrs ki

Mu%t

th(- air-to-air or air-source
[PS, Oct. 73 Sept. 76,
tially, ﬂ'\(*'\-fii’tii’l onditioners

i\ml the hvmltv is
alitside
the only

to run the hg}nl mmp 5 U)mpr(msnrs )

t ‘.“Ff‘ s no burning nf fuvl
s.teﬁlk can he
ating units are ra
perforn

and fans
‘ﬁu h

‘their - (‘l('nt of
is based on e Imtru‘:ll
stanee heating  in which one

kilowatt provides 3412 Bitu in an
hour, for a (O of one. A hmt
not only prndu

=0 the C°OP nf an ai
can be n
three, when the n‘l‘ltﬂ'irlf‘
i g,rﬁmmd ﬁ()"’l"

.by thv umt
Cnergy  are .w‘ul‘lhlp for x\ﬁa’nu
the house one from the unit, two
fram the outside. And the ilEEtl’lL
Jheating bill drops: by

Rut the efficiency’ of
systems plummrts s thv

alr- L()lll’(f‘

;lp[)FUQLh f!’FL‘.{lDEi

k-6 .

( orfiiue ri ’

H
W

=23

COOLING-CYCLE |
REFRIEERANT ?

HEAT-CYCLE
| REFRIGERANT

REFRIGERANT

7 5

ERDUND WATER IN I]E[.I?[[; FAHRENHEIT

UNCONSOLIDATED AMD
SEMICONSOLIDATED AQUIFERS

: CONSOLIDATED . i}
AGUIFERS ﬁﬂ
BOTH UNCONSOLIDATED T

CONSOLIDATED AQUIFERS

UNDERLAIN BY AQUIFERS THAT GENERALLY
WILL YIELD LESS THAN 50 GAL /MIN TO WELLS
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GROUND-WATER
HEAT
EACHANGER

RETURN
WATER

SUPPLY
WATER

"+ sorbad from water, not air, and is released inside’ zha

culgnﬁg rafrlgarani tc ab Drb hést Unllka an A/C hea, 5

In a typical heanﬁg cycla Ilqmd rafngaraﬂt fluw%. thruugh El

éxtracts heat from the c reulating water, boils and vaporizes.
The cooled water returns to tha ground while the warm. low-
pressura ﬁas travsls m thé ::ﬁmpre There ii's tque d

, L;u:led Ihruughgut the
house, and Iha liqu c! rafr gerant flows back through the (:apiF
lary tube to repeat the cycle. For eopling, the process revars
The comprassor sends the hot gas directly o the water heat
.exchanger to release heat collected fromr ‘the house. The
warmed water returns to the ground while the cooled, lig-
uafied refrigerant flows thrauéh the capillary tube to the air
heat exchanger. There, it again absorbs heat from the house
ahd vaporizes. The gas returns to the .compressor, which pumps
it back to the water héat exchanger to renew the cycle.’

Evan during icy winters,

most U.5.

warm enough to supply

shows average yearly tem-
peraturas of water in major
aquitérs. Every aquifer will
yiald some water, but
there’s more flow from un-
consolidated aquifers where

watar iz st iﬁ porous
Iayers’gf sane , and
clay. In Il:ﬁlﬂ%ﬂllﬂatéd
aquifers, camem‘ed”

by mlnerals parnallv blocks
tha water's flow. Camanting
procass is ﬁ’iDFE advanced in
J . chnsolidated aquifers,

R-7
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a heat

ground water is.

heating needs. The map,
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\ the mean annual temperature of the

" has been kicking around since not

Dr Elrl Nlal;gn shaws aﬁ tha graund— )
water heat pump he. designad and built -

"In' 1955, Today, it still provides efficient

heating and cooling for his 2000-3q.-ft.

" strains are put on the units that

they - automatically . switch: in. re- -
slstance heat. ‘A “similar problem
arises in sumirner. ‘when tempera-

tures edge into the 90's. As the

amount of electrical energy needed
to move heat oiitside mounts, the
efficiency of air-source units dives.
An' ideal situation, of course,
would be one in which outside air -
remains at a constant temperature.
And that's, where ground. water
comes in. Unlike air'or surface wa-
ter, groung water (from 'a well or
spring) has'a stable temperature:

gmund water is Always
than the air; in sulnmer
colder. -

So you drill a well and tap this
water, using it as a heat source in

~ .the winter, & heat sink in sum-

mer. Siﬂ?lﬂe{ )
The jdea isn’t new. The _concept

long after World War I1. But hagd-
ly anybudy outs;de the Deep Sn th
same reﬁasé?ﬁi fhat ym; “didn’t hehr
much about solar collectors beford
the oil eml:m-go Conventional home

" heat E‘e was cheap W’hy Expel‘ls'
" ment?

Gmundswatar pionsars
One who did experiment is

‘physicist Carl Nielgen, a professor

at Ohio State Umverslty [“Solar
Ponds: P8, Dec. "77]. He has one

‘first bmlt‘ in 1948, I decided to try ,zoomed to 51 cents a gallon. _
a water-source pump. It’s cleaxn?‘l/ the 3.6 COP I'm getting, the cross-
over came when oil hit ‘about 25°

‘ago, so0 Nielsen devised his own
-one-ton unit, using standard
v frigeration=plsnt parts except for -

Vpushed one inside the other, then

‘degree water had a sufficient flow,

* by slow percolation, would even-

‘ tually return watér to- the well,
' The unit ran for seven years with
. no trouble. So when he built .a

he agam plarmed for grou:nd ~WH
umt It's. been rmmmg ever since,
. for more than . two decades now.
And the problems he’s had over the
- yéars can be narrowed to one:
About tem years ago a starter re-
lay bumed out. ' Y
Oné severe prabl”” I had heard,
is scaling
In the beginning, Nielsen was con-
cerned, too;»His well ‘water is ex-
tremely hard-and rich in iron. “If

day, it turns brown,” he said. “I
2 wondered what it wauld do to my
i coils.” Nielsen unbolted the end of
his heat exchanger. “Here; .stick
your finger in.” I did—and got ‘only
& a light brown smudge of oxidation.
"“The coil was built so that any
buildup of scale .could be cleaned

Lsrger house on the same prgperty,*

.. .With natural g‘gg—

another is engmstatmn .

.. you fill a jar and let it stand for a . -

stahtktemparature water aclg as winter out,” he said, “and I bought a wire"

heatsnurge. summer heat sm brush to be uged with my hand
drill. But hesge it is, unused ” After

of the oldest _continuously “eper- 22.years. '

ating water-source heat pumps dn .- When Nielsen mstalled " his

record. - pump, oil ip Columbus was 15

“I learned the _prlnf;mle of heat “ténts a gallcm electricjly two cents

" dent,” he told me.

. pumps when I was a physics stu- - 2 kWh, Now,_electricity. stands at .

“So when we three cents 4 kWh, while oil has

thought; it doesn’t produce s0ot; 1
don’t have to put up a chimney.
And it’s relatively quiet; I didn’t
want an oil fufnai:e that Wwould mar
at me.” ,
No commercial ground-water Pumpmg mtnathmk tank
heat pumps were available 2’9 years While heat-pump engineers over
- the years have largely ignored sin-
gle-family residences, they have de-
" veloped effective ground-water sys-
. tems for large buildings. Not far
from the Nielsen home, in down-
-town Columbus, is Battelle Insti-
tute, a scientific think tank. A
317000, uare- foot section of the
" sprawling complex- is heated and
cooled entu’ely by heat pumps—
probably the largest setup of its
kind in the country. Battelle gets
its water, at 54°F, from five 16-
inch wells drilled to 50 feet in a
sand-and-gravel aquifer, and each
month pumps some 40 million gal-

_ cents,” he said. “At that point the

éxperiment; it was a money saver.’

GSD yuu drillahole and *
“_tap this water, using it
as a heat source in the
' - winter, a heat sink in
summer. Simplej!

Te-

the - heat exchanger. “For that, 1
took two lengths of pipe—a ane—mch—
o.d. piete and a 8;-inch-o.d. piece—
into nearby Olentangy River, which
"supplies the squfer .

The - massive - equipment works
pretty much- the same as the unit
-in Dr. Nielsen’s basement, but the
physical difference is stnkmg Niel-
sen’s setup is stuck off ‘in a dingy
recess and takes up about as much

coiled them up. Worked fine.”
 drilled an 80-foot well in the
backyard determined that the 44-

and ran- his outflow to a Qqnd
alongside the house. The outflow,

~ R-8

17

“With

pump was no longer simply sn .

lons through the exchanger and out -
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dlsappeaﬂﬁg and t:ul prices su-rgmg,,gmund -water heat pumps maka sen: se - o

cort= study prephred under a grant from . You'll need a mini m flow Df‘

. . spdce 8§ a freezer, Battelle’s

- trols alone occupy a complete room

—Iits walls decorated with huge flow

charts = and lined with digital
cmmtErs flicking, remote regﬂmgs

-~ Battelle developed the system in
thé dayh of cheap . energy,
'dhgineers were mtng“ued
with the idéa. Today, it's one of the
best examples around of how effi-
cient g‘ruund water heat pumps can’

be: The heatmg COP in one of thE )

buildings is 5.4,

In the 20 years since Battelle
installed its gystemy, gmund,wa—
ter heat pumps: have become com-
monplace in large buildings: They
now.number in the thousands:-

But home units haven’t kept
pace. Now, though, some experts
ke a dramalic growth on the hori-
Z0m, bayi; Charley %mlthﬂa spokes-
man. for York Division of Borg-
Warner: “Quite frankly, until the
energy situation turnpd areund,
sales.of our water-sour nits were
marginai but - thev re really start-
ing to pick up'now.” And at least
two rnanufaLturEr% Weatherﬁmg
and Vaughn, predlct that sales will
double..

dJust .- how much can t()dsy
homeowners hope to save with a
ground-water heat pump? In a 1976

study prepéred under a gfsmt from
the U.S. Environmental Protection
Agency, the National Water Well
Association statad that “at present
prices, a homeowner can have his
investmenit for a [water source]

;hest pump returned from cost sav- -

mg;r, resultmg from reduced energy
0115t n in four to eigh . YEars -
[cnmp.al’ed to] chventmna

' With natural gas dl'%.sppaarmg,‘
oil prices surging, and coal largely
unacceptable to most Americans;

ground-water heat pumps seem t:j
make "sense. But if so,
1y more hom&nwners have the
units? The objections, I've found,

‘boil down to five.

~ Problems: real and imaginary

® You need a well. "““‘Sure, it’s an

effective device-and .an energy con-. each drilled, a

server If you've gpt the water,””
Ben Sienkiewicz'of the Air Condi-
tioning and Refrigération Institute
(ACRI). “But how many of us
have a well in our yard?” -

A few families are u*:am‘!g lakes,

. rivers, or'canals, but for most thE=

owners, a well is necessary. And
that ‘'means an average of about
$2000 in drilling costs, according to

.the National Water Well ‘Assn.

]

Heatlng Systam - Initial
‘cost
Gas furnace % 700,
Oil furnace 14086
Coal furnace 1400
Electric furnace . 900
Air-source heat pump (a) 3000
w/air cond 5 (b} BOO
Ground-water heat pump  (a) 3000
w/air cond. {b) 200

Physicist Nielsen worked out the table
above using figures gathered in Colum-
bus. Ohio. during the winter of 1977,
The figures are prabably typical of costs
throughout the central belt of the U.S,
The table assumes an annual heating
raquirement of 100 million Btu. Nielsen
gssumed an annual average COP-of 3.2
for the ground-water heat pumpgand 1.9
for the air-source heat pump. #nd esti-
mated high for the initial cost of this
equipment. For fuel costs, he figured gas
at .52 per 1000 cu. ft., oil at 42¢ a gal.,
coal at $80 a ton, .and electricity at 3¢
per kWh. Fuel sfficiency is rated at 65
percent. AmortiZation was computed at
nine parcent interest over a IIfE(ImE of 15,
years for the furnaces, and 10 years for
the heat pumps (though Nielsen says. 10
years is probably tod short). Mainte-
nance. repairs, and wall-drilling costs
arsn’t included. Among the variables
are equipment conditian, design, manu-
facturer and installation, plus. weithar

.:

~and cooling).

P N TN
Annual’ . Annual Annual hgnﬂﬁg
;r’nﬂrﬂ;si!ﬂj(" ~fuel cost cost

A {nearest $25) -
e & 3308 $ 400
- 170 475 650
T 170 o425 600

110 880 1000

456 * 463 925
[ -+ 463 575

456 1 275 725

12z 7o 275 . 400

and ground-water’ temperatures—so the
figures are approximatfans only.

. A first glanca it fight seem as if
ground-water heat pumps offer clear sav-"
ings only over alectricalyresistance heat-
ing. But, comparing‘line (b) with line (a)
makes the picture ef@arer. Line (a] is the
homeownar whe doesn’t install central
air ﬁnnditianiﬁg. Line (b} is the home-
ownet who installs an air-cenditioning
system as a matter of course {commaon
practice in the South and West) no mat-
ter what type of heating unit is used. In
this casae, the $B0O initial cost is the

- prica of adding haeating capability to a

central air-conditioning,unit (i.e, a cen-
tral air conditioner woild cost about
4$2200-—for %800 ‘mare you can get a
ground-water heat pump Tor both heating
Siﬂﬁé 800 is lower than
you'd pay for most furnace . and since
annual operatigg costs are so much less
than those for conventional systems. the
savings are substantial.

R-9

“heat: -

" “heat pumps are so widespread is

'

abnut 2 2 . to thre& gpm pe 12,000
Btu needed, Your chances of get-
tmg that srg gm:d

director cxf the | Natmn l
Well Association, says that if v
randemly sink holes to two hun—
dred feet, about 80 percent of the
time you*‘ll find a ﬁcw rszfe of three
armjher well tcn retum the water {0'
the aquifer. .

Heat-pump useérs w:th an un-
limited supply of water often dump
the outflow into a creek or pond,-or
even into the nearest sewer. The
movement; though, is teward re-
charging: returning the water—
slightly warmed or cooled—to the
_ ground via a second well. In Bex-
ley, Ohio, twe next-door  neighbors ¥
well and-néw share
them, drawing from one and di
chargmg into the other. If the wd-
ter ever begins to run low, they'll
simply reverse the flow.

Actually, the = discharge well
needn’t be a conventional dribled
well, complete with easing. A bored
}}mle that’s filled with coarsé gravel
to keep the sides from ca\rmg in
and that’s two or three. feet in di-
ameter and 20 or 30 feet deepg{de:
panding on the percolation rate)
éosts only about a fifth as much as
£ illed well. And some people
use the outflow to fill ponds or
simply to watet grass—a fnrm of re2
charging.

® Ground water is mysterious.
“There’s a built-in  prejudice
agamst gmund water simply be-
* says hydrol-
Dglst Lehr. "Th& reason’ air-s

not that ‘they're better. They're
not. It’s simply that air is nght
theré; surrounding us. You're not
really sure the unseen gmund water
is there.”

As evidence of this prejudice,
Lehr points out that Americans use
three times as much surface’ as '
ground water, even though the cost
of déveloping ground-water %up-
plies’is only ong-tenth that of reser-
voirs. f '

® High initial cost.
pump, either water- or air-

A heat
source,

"~costs at least fifty percent more

than a tonventional Iurnqce Add to
tHis auocther ‘E]%Dﬂ to
well and youw've doubled the initial
investment. In addition, your duct-
work will have to.be larger if vou
use forced-air heat. A furnace de-
livers air that's 160°F. A, heat

‘ Continued

A FuiText provided by Eric i . L&
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pumpi‘dehvers air at only about

- * 1203, g0 it must LTIQVE a larger

£

lhave studxed - ground-water
"pumps, They'ré unfamiliar with the

vglume You rieed about twice the™
normal-size . ducts (or double the -

number) . to accommodate the flow,

Wwith a la;ger fan turning at fewer )

rpm. A faster fan with the same
ducts won’t do; the efficiency would
-drop, the noise increase.
Similarly, hot ~waler
tubmg must be able tﬁ h&ihdle abcut

tube surface EXpDEEd to the air.

&

State of rha industry

b : S

He dadds: ““The notian_that it’s diffi-
cult %o deg¥gn for low femperatures
is. just 50 much baloney—and a fail-
safe system that turns itself off if

. water pressure falls is very simple

to include, I did it myself.”” -
Vaughn Co., for one, has de-
signed its standard models to vper-

, .ate with water as low as 40°F,

basebnard i

® Nobody’s pushing the idea, ex-

cept a few small manufactur ers,
wgll drillers, and isolated engineérs.

‘lation hds never heard” the term
‘heat pymp,’”
Stone Ridge, N.Y, h@tmg—cﬂqhgg
consultant. “And the concept of a
grouhd-water . heat “pump is as
forexg‘n adg, oh, hgatmg with cow
dung antimatter.”

gn:t few heating mntlﬂctors
heat

fundamgentals of ground water and

says Paul Sturges, a

*

‘turers.
“Ninety-five percent of the popu-: -~

while special 1inits are available to
handle water near freezmg Some
equipment,. in fact, pumps water
from frozep-over lakes. But because
of heavy-duty cpmponents and
otth extrés *Vaughn mﬁdels in-

E Elt 5 cleaﬁ it dcesn t -
pfc:duce S004, {don’t have
t@‘put up a chlmne\y And

it's quiety§y

N vsguely uneasy working with snmg— s The other water problem, arnid by .

Q

E
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thing 50
Even’ the

tinder the surface.

pushing theidea. Makers are either -

relatively small and regional, or
they prodeice a whole.line of heat-
ing" equipment, mcludmg the, big

money-making . air:s ourge units.
Says ¢ACRI's Sienkiewicz: “The -
volun'®e of water-source pumps ig so

damn small, arfld the rest of the in-
dustry is in the hundreds of mil-
lions of dallars—you devote your
time and effort to tMe high-voluime
‘busginess.”

. ® Some water is unuaal;:le Thare
are two problems here: temperature
{md quality 'Thg t:ﬁlder the water
in the hegthg cycle Cool water
cuts the COP and requires a largew
pump and compressor.-

Until recently; mogt manufac-
turers lllTlltEd sales tu%re&s where
g‘r und ‘water is 'at léast 60°F—

at eliminates most of the
Wi}thil’ds of the country.

Weatherl{mg general’ manager

*Jim Brownell says that his com-

pany is gmdually exténdmg its
range “while’'we gain experience in

-what low water températures the

units can really stand.” He' recom-

.mends thgt no umt be mstalled in

) tectwe thermostat to turn it off 1f
" the

ground ‘water approaches

reezing
Physicist Nielsen blames the

'nmnufacturers csl]mg the Cﬁld -wa-

” . . ‘ . D e

Y

- happens,

far the most controversial, is qual-

nanufacturers aren’t) ity. Iron, calciym, and magnesium, .,

salts, hydratea Euspended' ééllﬂs—

" or encrustratlun

What are your chances of ﬁndmg
"unsuitable water? Robert Ross of
_the Better Heating-Cooling Coun-
“eil estimates that unusable water
will be found under 15 or 20 per-
cent of the land in the US. © |
"~ If your property happens to fsl'll
intu that group, you may be head-5
,,,,,, One Austin, Tex.,
contraetor WIIIPHE«VE—I’ try a water-
source heat pump again: “I've had.
nothing but bad experiences with
them; I put in three units and had
so much trouble with scaling that

I eventual decided to abandon
them.” 3 :
‘And in Sarasata " Fla!, some

erator cml with acid Every year or

two to wash out scale, and eventu- -
\ally the acid itself eats through' the
f (Strangely, almost no resi- -

bing.
dential units -have coils designed .
the way physu:lst ‘Nielsen's. are—
so that they cap be cleaned with a
wire brush.)

One way to prevent scale is to
use cupronickei~instead of copper
tubing. Sopfe manufacturers sell it "
for an extra charge; a few provide it
as standard. Essentially what
says Vaughn's Pirrello,
is that thE cupronickel expands and
Lontracts w1th temperature, Emd 1t5

lQ

'iD

flicting clalms

B quisville KY 40

=

¥ . B
deposits agjd scale with each cycle.
Design “could:-thave :a lut to do
with sealing; too. At.les
what Pirrello ela.;ms e
problem, he says, hgc&ugd by n®
ternal baﬂes _and fins—which the
Vaughn .unit” doesn’t have: What
percentage of, water does-heé find
unusable? “Essentmlly, none:” -
If .you decide to look int
ibilities. for your home
Eaniyou ‘make a decision? First
should get some idea of what a well -

. 111J )%ur yard might produce” in the
way of volume and quality. One

way to determine potential is to ask
a large, local well drillér for an-
Egtlfﬂate usually a free %EIVICE

t‘ion has offered: to gme readera
names of knowledgeable drillers in

- their areas. For address see "end

of article.) N

Loeal wafTsuftenlng pE-ﬂple
might also have some thdughts, A
plurnber whn dﬁals m ter heat—

much scale he’s ﬁndmg Engmeer
Owen suggests that if your neighbor
has a well, get the water tested at
Sears or by the local i\ubhc health
office. Ideally, he says,” the pH
should ‘be between six and eight,
and . the hardness reading (on the\
standard, Scale of 0-30) no hlghaf Ay
than 10, . !

*Next step Call in a heatmg—
cooling contractor, preferably one
with - i ble
heat- pump experience, “Ask'h
the names of some of hjs heat- pump
customers and see how EEtlSﬁEd
they a T,

The results of your
should help you decide if
water heat pump is for

lack o )
scientific: StUdIES and tHe fact that
technical expertise is/ lmited to
only a few people, makes its instal-
lation, in my opinion, still some-
thing of a gamble. Nevertheless, be-
cause’ I know that my 55-degree

reaegrch
, /

‘water is fsiflgjsofti when my oil-

guzzling furnace begins to fail, 1
plan to take that gamble. Maybe
even sooner.

FOR FURTHER IHFQRHAT"}N
* Amaerican Air Fll i

s

Ing Councll, 393 Seventh Ave., New York NY
10001; Carrlar Air Cn?l anlng Co., Carrier
ise NY 13201; Ciimate Control

r Ca., Samer\nlle N.J D8A76:
\ire Earp 3221 nggm Ave., Wa':n

Pkwy Syrs

Ft Lauﬂer’ﬂal
I;:h!ﬂgarli Ing.
Water Wall A;sm:liﬂnn, 500
n Bridge Rd., Weorthington OH
ughn Corp., 386 Eim St., Salisbury
Wunlh-rElng Inc., 4501 E. Colonial
Erlaﬁdn FL 32814; York Divis'on, Borg-
\'l!l'rllr Corp, Hox* 1593 York PA 17405.

*
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: _I/Fné ‘fuel crisis of 1973-1974 totally " fo-

- As’ an aﬂarnaie saurcc 7
laaks hlghly pr@mising

'y
o
£

- SOLAR ENERG‘Y o
.. Wave of gfe Euture" e -

g
8

ussed the world’s attention on the
« mammoth Energy prﬂblerﬁs we face today.

_ The shortages in energy came about simply .

because we were using more energy than
we were producing. In other words, the de-

mand exceeded the supply. ’

. 'To make>up for these shortages the .
. United States started to import oil from
~ foreign countries. Although -importing this

oil originally started.de¢ades ago in small
quantities, today this has\increased to mil-
lions -of barrels of oil per year. If we con-
tinue with the present consumption we will
double the amount of oil needed from
foreign countries by the year 1985.

.Even thaugh we are now producing our
own oil it is lnsuf‘flclent becausé much of
it comes frorn ald 0|I wells that have few

cannot supply us w:t ‘Enough oil to keep '

our industries and, economy i‘unmng at a
normal rate. 4
We have fmalfy been b‘rcxught to <full

understanding of the energy crisis because’ ~

.of the oil embargo Since the oil Embargo

DZFHEI 1. Levy is a pmfessu:mal plarmer wha has had

exlensive experience with solar energy rf_::,earch ané\ .
application_of solar systems into buildings, He pres- )

ently residet in Woodland Hills, California.

S — ct\—————r il ;

.is captured by the means of solar devices

R.E lél [y

o A " by Daniel I. Levy.

“much discourse has been held on whether. :

the shortagés are ,,,,aglnary or real. Even if

- some of the claims of the shortage are ex-

aggerated,” the fact'still remains that short-
ages do exist"and they will increase with our
growing demand for this valuable fuel. (

The' oil embaryo, .therefore, created a
need to find altgrnate sourcés of energy.
Obviously, these sources -of energy must

‘come' from within the continental United
. States so that foreign ©

rit’ﬁ*e cannot con-.
trol our destlny

Our mdustrles and Corﬂmerc s have been .

we on,Iy havej percent of the total world

__population. When looking within our bord=+

ers-for natural fuel such as oil and gas we

quickly realize that. the supply cannot pos-

_ sibly satisfy our demand. Even with a reduc-
tion in the amount of _needed fuels, altér-
nate sources of energy must be found. One’
of those sources of energy is solar energy.

ALTERNATE ENERGY SOURCE: 50LAR ENERGY

Solar ‘energy means the capturing of the
sun’s radiation in order to produce a trans-
portable form of energy. The sun’s radiation

f = oLt
B - = 7

¥ .




. ,alternatE forr

L

s en\rlrcm-

e AED

arenot. . *
. Solar ener%y is not a’new sctenfe In 212
BC, ArcHimédes uqllzed the sun’ 's radiation

' cc:mpareci to somé

of. energx ‘Eﬁgh:es: wh?

_-to.burn the. shils of the Rothan fleets thgﬁeby“g-

- R%Gt water, .
r cqoling them.»

a . deféating thém in a battle. I+ 1878, & solar **
~,steam’ ‘engine. was exhibitkd 4t the Paris.

]

: _SCIEAR CC)LLE@TCJE

- tor.”

fair. ‘During' .the 1930's, Massachusetts In-

WltFl

. Stitute C!f TEi:hmjlogy started expenmentlng;

‘that was c::mducted thepg,rls bemg ut:hzed
. by manufacturers todays :

" tem of plpES the water i6

stored energy frem the tank and transfers li‘
' to a point where it is needed.

‘To dem nstrate -how~this systgm operw
atés, ley's yme we wnli be heiting yater

: solar collector mounted
on the me‘ he sun’s radiation strikes
tl’;ﬁ "f@éllen‘;tﬂr ‘AT
:ithrough i‘lE colledt

perature of between 120-140 degrees .
The heat generation depénds on a num-

. ber 6f factors ‘such as flow rate and the

. availability ‘of the sun’s radiation: Once the -

Insthe past, the devices for captunngﬁi‘le

sun’s radiation were very simple . and did

nolagy has greatly |rnprc1ved ,
| _.vih

ﬁ solar system'is a relatlvely simple sys-
tem to understand. It consists, of three

- major component parts. The part that col-

fects the sun is known as “The Solar Cpllet

" The solar collect
mounted on the roof of bunldlng and its
primary purpose.is to collect the sun’s radi-
ation. ‘The collector generally three by
seven feet .in size anﬁ three to four inches

~ thick contains a system of pipes ‘?rrymg

&

"“’Distribution  System,”- which takes

either water or air through it which.is then

" heated by the, sun’s radiation. The collector

is covered with one or two pieces of glass
or plastic in order to’ retaln the heat cap-
Lured by the sun.

'
5

STDEACE TANK

The Second component within the sys-

generally ,

tem is a “Storage Tank.” The starage tank-

is generally found in.a basement or sub-

basement of a bqumg and contains the’
-stored energy. to be'utilized at a future date
- -when needed. '

™

DISTRIBUTICJN SYSTEM

iR

The thlrd component of the system is the

the

R=12

) not have-nthe snphlshcatlon of tadays de-.
- M/ith the d‘eswe and determmatlan on

L

water is heated it is then transferred by a

system of pipes to the storage tank in the

‘basement:. This storage tank is ‘Insulated .in

e c:pid wateﬂ‘h pa_ngsJ

system.’ The cold , wafer is )

order to retain the 'hot w'ater that is col- - .

lected. Finally, this hot water'is the
tributed in the'buildingdvhere neede
hot water can either,be used for demestic

i “dis-,

"hot watér or for the actual heating of the
. bmlﬁlng The dlstrlbutlon of the~hot water,

is adcomplished by a system.o¥ ducts, pipes,
and apprapnate values in order to take thé
hot water away from the storage t“:mk and
into the buuldlng -~ :

-\ The cost Qf |n5talltng a system ﬁepends

cmly damestli: water the EOSt would be ap-
proximately $1,000. Even with the solar in-

’stallatmn a :‘:Dnvéntl.ﬂnal backup system is

‘ever, a solar system can save approxlmately
70~ 80 gercent of the fuel cost for heatlng

Asstime th-at it costs. $25. QO per month to
heat our hot water. If we install a solar we
will absorb 80:pgrcent of the cost or $20.00

The cost is more for a. solar system that

" heats our homes, because more collectors

are. needed and. the Eqmpment netessary
for storage is m}h cost

in the nmghbarhood “of $6 DDD to $8 000
depending on the size of the home and its
focation. >

21

. This- -

#

on the ultlmate use for thls system If a sys- .

per month gs-and be paying $5.00 per
_month to-if fize our c:onventlona-F backup
system. - :
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HOWY A SOTAR SYSTEM WORKS
o The collector absorhs the s
G b that s pumpsedd thris
Thee tord woethon the colle
voocaptures Beat and !‘n

PR " [$ SR TRNTA TN

frggﬁ this system the sun’s rays must face in

_ arsouth \pr southwest dir ctu:\n Not every
- hame, of ¢ourse, has this—xposure. Thé
- %sun’s radiation may also be lost if the build-
"Ing is blocked by trees or other buildings.

* Each home must be examined by an expert

to determme whetheﬁ'{ sofar systern is feas- -

lble A ’
i * ' ) . )

. —t Jog

:,v' . THE ART OF THE INDUSTRY
- : . The industry .in ‘the last two years, has
- - . grown considerably because of the demand
' to find alternate energy. sources. Many
. manufacturers, distributors, and - organiza-
A tigns are gearing up fa::r r’naés 'pro‘dui:tion

tem is' the solar Collec‘tor Drglnally these
collectors were selling for hgitween $12.00

and $15.00 per square foot, but because of

the advancements in technology and the

" additional competition, the price per
foot is down anywhere from $4.00 to $7.00

o per square foot. The efficiency is ‘also im-
© X proving so that the number of collectors
. needed WI" be reduced in- the future. Be-

13
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A ,,éﬂus‘.‘g of the ééma,

the development and experimentation of ",

“experimenting and developing solar sys-

R-13
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i The hot w \hr i~ H' ' stmui fior Iuhn s
arcan be oy 3
4. Depend

latitude of

n the part of the:
public to produce this alternate .energy

- source, prices 3and efficiencies of the collec- -
tors’will come down: considerably more ifi.a
rEIatwer shmt period of time.

: WASHINGTGN INVOLVEMENT .

« The federal government is ‘involved W|th

solar energy. In 1974 the Congress passed
the Heating: and Cooling Demonstration
Act which appropriated $60.million to' start

tems. A new agency. known as ERDA (Ener-
gy Resource Development Administration)"
is in charge of overall coordination and-de-

- velopment of the solar program. The De-

partment of Housing and Urban DeVelop-
ment is also involved with, the solar pro-
gram and has recently requested proposals
to fund on an experiemental basis.

PRESENT INSTALLATIONS ) o
There azg‘,many experimental installations

throughout the country at the present time.

A number of schools recently installed sys-

‘temns on an'experimental basis with gratify-

ing results. A school in Tamonium, Mary-

"larid installed a heating system on the roof

e

e
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Sola: Energy: | K ‘

: . ) - L . s

Benks af salar collectors (1) sit on the- reefs of four «
recently completed sglar powered townhomes at New
Century Town, Vernon Hills, Ill. &gncentrating solar
energy collectors (2) are shown onthe-roof ef the
University of Texas at Arlington "“Discovery 76" test.
house. These solar collectors (3) are round glass tubes
desrgﬁed te cenvert sunllght into heat energy .

ol

_ef one cj;f' its existing. schools .and it pro--
vided' 91 percent of the heating needs dur-
.-ing a 60-day period from .March 11 to May
' 14, 1975. ‘Another school .in ane‘hpohs,
Mirnesota installed a system which pro-
" vided 100 percent of the school’s heating
requirements in Deeember from 11:00 a.m,
to 4 00 p.m. :

. NO SUNLIGHT?
The sele system dees heve the eepabihty
) days The - exact duration depends on the‘
size of the storage tank and the degree to

i Iﬁ any case, conventional backup systems
- are needed in case we have extended peri-
~ods’ of sunless days .and the conventional
“system must take over where the solar,sys-

tem cannot provide- adequate heat for the -

- building.

FIELD LOOKS BRIGHT _
Even with the existing problems the field
of solar energy looks bright. The solar sys--
tem offers the ability to utilize a clean and .
efficient kind of energy always available to
- us and one that will not pollute the en-
. vironment, With con *nued governmental

support and experime ion the efficiency-
_of solar systems will i nmpreve. :

It is entle:pated that the gcvernment will

L 1 | o | R-14

which the hot water is originally heated.. o

Q"‘mamtam a supportlve rele fer selar energy
dnd recently the Congress.has been discuss-
ing tak credit and incentive. programt for
the owner to install a solar system
* "'Many ebf the existing problems that we -
‘face today might be resolved with the im- -
provement ‘of the solar collector. Experi-
mentation is now being developed on what

- is known as traeklng collectors that actually
follow the sun in order to absorb the raﬁ\
Another collector now being developed
known as a concentrator collector. This
--means that the sun will be ceneentréted in-
to a small area of the collector in ardér to
produce higher water temperetures rather
than over the entire surface of the“ tat plete
collector that we are currently usmg i

The development of the selef system is
well along the road. Slgmﬁtent gains have
been made since. the original energy crisis

of 1973-1974 and the. future promises to
bring improved technology and lower costs
so that many of us can install a system
_whereby the sun’s radiation can be used.
Many of our homes and buildings may not
be able to receive in the future natural fuel
sources because of our excessive -demand
and we may be forced to utilize a 'solar
system to supplement these natural fuel
sources. [ :
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- ‘So lar

-Solar thermal Systems can pump water
for irrigation, produc®stenm for indus-

trial processes. generate electricity in’

small and medium-sized installations,
supply heat-for residential use.
erate al temperatures be-

" tween ]DO“" and 400°C are suitable for

each of these purposes. and Eﬂfly studies
indicate that lhey may be most economic
when they serve several purposes in a
complementary fashion, Although most
attention and funding in the U'S, splixr

" program has been devoted either to low- '

il
* with mlermedm:: lempe:mmre %yilema

Temperature: systems for solar healing

and cooling o
tems for :enlmllzcd gene
tricity, a
nlng tol

for sola

r to high-temperature sys-

This iy the fourth in a series of Research
News articles examining recent devel-
ﬂpmenn in solar energy researc I,

One of lhE largest pmemml markets is

in food. textile, and che | industries
where large amounts of intermediate-

lgmpc:mlur; ht:.u are Lunqumed Thu"ly

mdusl; xl p rpus@h bf:muhc lhf: df:rmmd

is nearly constant year-round. One 'amdy

recently prepared for the Energy Re- -
. search and Dey

: lopment Administration
(ERDA) projected that by 2000 solar en-
crgy could dhpl,u 7.5 quadrillipn Biu
(quads) of fossi I for pro-
cess heat below 300°C. Cumpdmhlz pro-

jections are not available for snl.;r lr ga-,

tion. &% gtmmllon or
1; electricity productiof

heat A e
‘ERDA has named “total energy.”” But
intermediate-temperature © systems  ure.

capuble of muking 2 major contribution
to all these areas because the hardware
is varied enough that it can be easily
taildred to different applications,

All the pieces needed for intermediate-

' temperature systems exist now. Devel-

~opment of concentrating solar collectors

!h;ﬂ can raise fluid temperatures above
point of water has progres
p.meuLxrly r.xpld‘y At least, It,n varietie
of one-axis tracking Lulleuurs are now
being made in the United States. “and the
cost—before  inst: L,EﬂL[;I"?
pjer flat
and walter

[lun—l\

> cost of i
plate collectors used for space
heating at 507 1o 100°C,

= B

_employed,

B

) i

The dEV§lﬂpm:nl of other components
i3 less advdnced! but nevertheless exam-

ples are available. In particular, the cur- ~

rentdesigns for small Héat engines (that
convert solar heat into-shaft power to
drive a generator, alr-conditioning com-
pressm m“wat:r pump)have begn char-

“‘archaic™’ because” Ameri-
'ng effort has been devotgd

can E!‘!gll‘!E

*to turbines for large-scale applications in

recent decades. European firms are fre-
quently ahead in this field. Bura number
of "American - firms® are producing and
selling protolypes. and one company i%
qet' ng up a mudesi L oduction line for

atér this Year, *

Prices Cnmpmb!: to Flat-Plate Collectors

Although the pieces are available,
very few institlitions have put them to-
gether to. build Cnmplr:l stems. In the
United States there are¢ now (wo irriga-
tion sys[tms one total en ergy lest-bed.

linul a half-dozen industrial process
heat pm‘]ec!s‘, and a larger number of so-

Iar air- ;undnmmng 5y%lems lhm use

fur su:h 1n5mll.ﬂmn\

i!.} now $SD Iu.SZOO per square meler, as
compared to 5500 to, $ 1000 for the more

elaborate two-axis track#lg collectors
planned for use in centralized electric
generating systems. The wide range of
costs is an mdn::nmn of the diversity of
dexigns and i
*When ‘the industry is just
getting tooled up, you are bound to get
that sort of sprn\d SAYS One Db\LTVEF

" Most anpanles project a cost below

$100 per square meter in mass produc-
tion. The potential for cost reductions in
mall ‘heat engines is even greater. The
om-made heat engines used today
cost about 31000 per kilowatt, but mass
production techniques could reduce the

figure to $200 or possibly even $20 per
" tion the cost would be $75.000. Bat

kilowatt, which is about the <ost of autos
mobile engines. .

The federal research program for in-
termediate-temperature systems is frag-
mented. Work on improved heat engines
is done in ERDA's canservation dirce-
torate. Funding for model total energy
systems comes from the agency’s solar
thermal division-—$9 million out of a $69
million effort to develop centralized solar
eleclric st ( 22 luly). Sup-
heat comes
frum the I=RDA suL\r hcdlmg ! cadl-
ing hmm:h Photovoltaic cells cin be

Thermal Energy Br gmg thePi eces

n,q mlher lh:m SDL\T
lhc various mld lemper-

!m!e v:s:bxhly . - ¥

Solar-powered water pumping has
been one of lhl: first intermediate-tem-
perature appln:anﬂns to get under way.
The first and so far the largest solar
pumping facility in tle United States was
built not by the government.but by a pri-
vate R & D laboratory with the backing
of a large life insurance company. North-
western Mutual Life had a farm near
Phoenix, Arizona, that needed water and
Battelle Memorial Institute wanted
build on its experience in solar energy re-
search, so the two of them undertook-a
50-horsepower (38-kilowatl) irrigation
project in August 1975,

Within 18 months, the joint project.be-
gan pumping water :n Gila Bend Ari—

of cullector surface aﬂd at the pt:ak uf s0-
lar insolation in June it can pump 10.6
million gallons of water per day. The col-
are parabolic troughs made of
minized Mylar by the Hexcel Compa-
ny and the héat engine is a Rankine cycle
turbine ;le'velﬁped by Battelle using
Freon as a working fluid. The system ef-
ficiency is 7 to 9 percent. and the facility
has been operating for monlhs wnh
very little maintenance (inclt
one washing of the collectors).

As lhe ﬁrsl of its kind ihr: syslem cost

BQIKLIIE Lh!lmﬂlth !hd[ mn ]!mlltd pmdu,e

“and Northwest Mutual have found that

there are over 300,000 irrigation pumps
in use in the western United States. oper-
aling at an energy cost over $700 million
fn:’:r }'E;\F ;md most Dfiht‘:m have abc’lui the
Y.
The upt;mlmg lgmpgr [urc.‘ uf [hL; Bat- .
telle-Northwest Mutual system is I50°C,

- considerably higher than that attainable

perature affords
‘parison with a flat-plate solar irrigation

with flat-plate collectors. The thermody-
namic advantage that intermediate tem-
cun be scen by com-

i




sys[t.-m being sald by a French industrial process sl:am for a textile factory em-

consortiufn SOFRETES. The ov:mll:ﬁlx
ciency of the SOFRETES system is only ’
I percent. so it is very, expensive, Al-
dhough the sysiem is reportedly subsi-
dized, a 1-kilowalt version costs abour’

815,000, o ‘
Eiimslle —Nunhwéﬂ Mutuai is not th‘

e 'Lh price. An engi-

neer whu h.h hu:n working on heat en-

velopment since 1968 is selling
lluwul( anl.u‘ irngation systems for
* puchage pln.L of $40.000. Wiallace M|n=
o, Jwho ht:.u]s l{lm:lu.h Lurpn‘

they determine how much solar collector
B g : &

areit s needed for a given purpose, and

collectors muke up more than 50 percent

The foremost merit of intermediute-tem-
perature systems is that they can achieve
murkédly better efficiency than low-tem-
perature, flat-plite waum\ wnh lull
ﬂ&i r) 'LL IHLI'?:LI‘\C

.nurr: \yiums; i Ih;- guvcrnm;nl 5 lcn,i;l

energy test fucility at Sundia Laborato-
in Alburquerque, New Mexico, Re- -

r
seirchers ther tly operating a
Il-kilowatt system, generates ele
tricity and produces heat fpr use in one of
" the laboratory office buildings. It will
be used to test several types of collee-
tors and heal engines, as well as thermal
slorage systems, b
Although planning for the total vhergy
program ix stll evolving, ERDA envi-
stons some rather large syste Agency
spokesmen doubt that the optimum sys-
tem wnuid pmducs less than 200 kilo-
g thc rrmgmm plun

A@re LLT :

I() mgg.m.uh of
The
/and

that would produce
dectrfgity  plus concomitant heal,
proper balunce beiween eleetrici
heat ina total energy system is ulso being
studied in the ERDA program.

As the ERDA program moves toward
Lurger total energy systems, the ageney
has “already approved two $10million
pmjLCIsf. (hdl \;ili hc huilt .u th‘ g.nd uf’

hu‘l H(md. Tuc, [:m;h, uf lhc projects
will produce 200 kilowaitis of electricity
and 1.5 megTwally of thermal power, As
such, Ihc are the most ambiticus proj-
ects undumgcﬁ W date in the inter-
perature field.

particularly
sHng hgc.msg it will produce eleg-
ty. hot water, heating, cooling. and

- ploying 150 people. When the factory is
completed in 1981, it will be leased o
,lhr: West G:rmqn‘ nilwea’rﬁfm’ uf’ Wil-

mldt 5y sle‘;n wxll prud&cc HH)U puung]s of
sleam pcr huur- al a lemperidure of
169°C—it sized - 1o supply all the
(heal ‘the factory needs. The solar en-
igy system will have 6,000 to 10,000
square meters of collectors when it be-.
®ins  Operaling in 1981, ahd there aiv
plans 10 Liter double the size of both thé
solur energy system and the fuctory.

is’

" A Parsimonisus Program e
Apirt front the wital energy experiment,
the ERDA program has been terfibly
parsimonious toward projects for pro-
dueing industrial process heat with, con-
Lentrating Lu”cblur‘\ pumn;ﬁ most ut its_

his prgﬁ:rcn«.c 1% p:xmgulurly h.;rd
o hndfnl.md when the agency’s own
projections show that solur agricultural
projects could displace | percent of the
country’s fuel usage in 2000, while solar
industrial projects could displuce 4, per
cent. Out of a towl of 72 projects. the
ERDA ugriculiure and industri :
heat program has, only three jeet
that use concentrating trough collectors,
One will provide 85°C water for washing

s al i ('um'phcl! Soup Company plant
Sacrumento, another will produce

in T
157%C Steam for fabric drying at a plant in
Alabaniu, and the third will produce some

of the hot water needed ut a Pennsylvania
conerele-block plant: Construction of the
three is due 16 begin this summer, ]

While the government is maving slowly
with a few- projects, the private seCtor is
moving ‘more guickly 1o commer, alize
mtermediate-temperature sol tgchnol-
ogy. For relatively low temperatyres
(HKC), the, Albuguerque-Western com-,
pany y has u tracking ‘parubolic
trough on the market for $50 per square
meter. A more highly concentrating para-
bolic trough being sold by the Ac arex
Corporation can reach 311°C for factory
price of $160 to 8240 per sguare meter, An
d“&‘lﬂeﬂl\l_‘ approach 15 to bulld u fixed
made of strip ars and collect
\llnhghl throughout the day by moving the
FeceIver, ThL‘ tirm of Scientific- Atk
marketing \uch aconcentrator, designed [
W reach 316°C, tor about $150 - per.
square meler. The design was developed
by General Atomic, which is testing and
selling rescarch versions that can reach:
J97°C0 A different strip-mirror collector

alres

il s

being developed by Sheldahl for testingin

the Sandia total energy fi
about $250 per squure meter.
B &
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thesg devices will detivli over 50 per-
cenl! uf' the sun‘s cm:rgy 1w lhci'ﬁg‘:gk

Wh!lc the prgudmg i:ullccmrs'ull fucus

sunlight into a line through reflecting
mirrors, o sotall company in Texas h 4%
‘marketed i steerablg trough coll
that uchicveés the. waniy elfect using a1
" Fresnel lens, Ihi' collector produges heat
at 120°C with '63 pereent efficiency.
MNorthrup. Inc.. a heating und cooling
company thiat developed the uni With
0,000 of 11 own money. now has orders
for over HLHKY square meters of collee-
tors, andk is wnrkmg on an advificed
unit to produce hlgfhu temperafures.
T'o the fuctory price of a traching col-
lector, auxiliury cquipment costs. middle-
man profit, and installation costs must be
added. These Tuctors multply the basic
cost by  fuctor of 210 4 Although the
price of tracking collectors jp limited 16y
considerable extent by material costs,
observers of the industry think that sub-
stantial redictions can be: achieved by
clever design and improved manofictur-
ing technigues. N

The heat enginés needed in many in-
termediate-temperiature  systems have
been ordered one at a Ilmc_—usﬂnlly
handerafted by research and develop-
menl companies at very high prices.
Batielle reports that the engipe for its
lrﬁgdlmn project (4 Rankine Lyd: ll_lrhlﬂt.

iy iur

—pruduud the

ment
bines were produced each yc.;r the cost

mms lhdl |f 10 00() ‘;m.xll wr-

should fall to F200 1o $300 per kilowatr”
and Jet Propulsion Laboridory ysfimates

that units produced on the scale of auto

engines should go for $13 pur Iulm\.m
Walli€e Minto is npurl::dly sCHINg up i

no maore lhan'

facility 1o r\rmjuu 10-kilowatt Frum heat

it the rate of 100 per mon
his company is selling the entir
with an alernator for 51250 er
wall. -

aped
kilo®

Because of the wide range of technal-"
.ogy

already  availuble,  intermediate-
wemperature solar energy systems offer
great flexibility to perform many jobs
through  rapid  deployment smadd
séales. Much opportinity remiins fof
inafmw.mg;nr a challenge only one step up
fmm the s rt ufh; rd in'»cmm\hlp.;[

ul

ln !hk le'ly I‘)7()-« [hc SUrprising
truism “of solar enerpy. was that residéen-
u il systems were re dy “for use, The
l.;ry_lv lm.lprlni
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al Science! gen

first spoke to h ' are equally impreased Thgy sttmg— .

| _lmkl:etﬁ!nmsunanﬂseam ‘ly, believe that e nverted.

. obvious, g}th gh - its impimatmﬁs  fror
- rel

. . ature -
. areﬂbyaﬂatmhrﬁll the whole
neat package gitimg ﬂnsh agamnt

, gigmﬁesm eunmbuh ‘to_our-en--
tbe anergjr “the sun pmv;deg us i8 * ergy needs in the .1930 Eventual
" absorbed by the oceans—-a natural- 1y,
ly e::mtmz thermal collector and help sup;
- - tu be an

t :what they consider
girable and - potential--
saurcehnuclear ﬁs—

. a mmpansnn of the varmus :
< 0CeAn energy - solirces. on the basis =
" of their size and energy density, =
see part T of thm _series, “Energy -
“from the ¢ aeg waves, tides, and
currents,” i last month’s PS.)
The, oceans thermal resource is
ag enormous as it is because of .
- the way the distribution of water -
on' the earth's surfacé neatly dove-
. tails with the solar system’s geome- -,
try It turns out. that about 50 per- = -
«cent of the torrent-of sular energy -
tween the. Tropic of Cancer and .
" the Tropic of Capnmm And in
" this sweltermg region, 90 percent
_of the surface is covered by the sen.
Therefore, a Elzzling 45 percent of
-all of earth’s incoming ‘solar ener-
gy is. absorbed. by the tropical
' oceans. - .
- -~TThe -regult-is that-—the’*-suriac&-=f'-~ -
temperature of. these waters is very
" high? ranging from about 70° F to
about 85° F (roughly 21° C to 30°
C), as any vaaatitmar. in these
balmy climes can gjtest. This tep-
id layer is Di‘ten 309°600 feet thick.
. Caﬂtmuedi

it would b
ing, and would ride there like an underwater kite. Concept uses

ture diffarence batwesn warm surface water and cold subsur-

that drives a jurbina. In the drawing, cold water Is sucked from
about 75 fef above sea. floor. thiough inlet pipe (1), through
e " inlet dogrs {2) into condénsers (3) Ingide the twin 85-foot.

: diamater hulis, and ig dlnahargsd through outlats in walls of
_the hulls, with suction maintai

“ter pump;v {4). At the surface, Warm watar- iz auckad through
ILLUSTRATION BY RAY PIOCH

Aruitoxt provided by Eic: =

= Huge, 400-megawatt ocsan-thermal-differsnca generator is
a concept developad by the Energy Pesearch Team of Uniyer-
- sity of Massachusetts. Dubbad the Mark || Model Two System,
s tathared in the Guif Stream by a single-point moor- -

¥ heat cyclé called the closad Rankine eycle, In'which tempera- -

face water Is used to vaporize and; condense a waorking-fiuid.

by the circulating cold-wa- -,

unit flokts just beluw m:sari surfav:e :

voir (E) to bvapmatﬁr faad pump (é)r;iwhlch pressunzes |t
through avgpﬂrawlﬂr (&) where it.is boiled into a vapor by warm
which

seawater, The vapor passes through a turbine {10),

spins its ganefatnr {11}. The, vapor expands through the tur- |

bine exhaust diffuser (12) ahd then passaes through the cdn-
éansegs {3) where it is condensed by cold seawater. The liquid

‘ raturns to the reservoir (8} to complste the cycle. Each hill,
_prasgurized at one atmosphere, containg aight power packages
-congisting of .a cond Nser, turbine, and-generatar. Each power

psckaga ganeratas I5°Mw net electncalpgwar

R-19 - R

-

pod- muuntad avapurat;\rs {(56) by warrn -watar- circulanng ‘pumps ',_
“(6). Ballast tanks (7) maintain nagative bugyancy so0 entire
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Ccnval‘tlng acaan thermal ﬂ‘fﬂ“ran ces into aiectrlcltv is snmpla. Tha

Th;s vast maenuir nf warm wgs

enexgy needs) would be useless for
energy generation unless there were
also "available . a colder body to

which - the stored heat could flow. .
"It is a fundamental law of physics

that if heat energy is, to be con-

. verted into work, eithér mechanical

1500 or 2

Q

ERIC
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:'Qﬂld_u!‘ldarneath Ll .
there -exists , just

energy- or electnmtyi there must be
- a temperature difference between
~two heat reservoirs—one a .high--
temperature heat source,” the other
a low-temperature heat smk With- |
‘out the heat sink, the heat in the
high-temperature source could do’
nothmg The hot steam jn a steam
engme does work only because.it'
is hotter than the cooling water that
candenses it. :

®

Fortunately,
such a heat sink in the oceans. It
is the vast'body of cold sea water

underlying the warm surface water. ﬂ

In the deeps, perhaps as little as
] feet below the surface
in some’

in a few.spots, where there is cold-
water upwelling, the hot and cold
layers do not mix. Instead, sepa-
rated by thel: dlﬁeren :

pattgm that sees the warm surface
waters flow from the equatorial re-

gions to the poles where they are

chilled and sink, just as the deep,

mld waters' slide rﬂamrmly under

- be warmed snd ‘made buayant
Fueled: by the sun, and directed by . .

the earth’s rotation, this eternal
pattern ensures the existence of two
gréeat reservoirs of water,
considerable thermal gradlent o
temperature difference, between

them. Theoretically, this difference

could be used to run a heat engine
“ that could. in turn drive a- generator.
that.is capable of producing elec-
t;lmty

In 1881, a remarkable French
physicist named Jacques d’Arson-
val made the prescient suggestion
that in future, man might use the
thermal grad;ents in the sea to pro-
duce electric power, instead of burn-
ing fossil fuels. (He also invented
the kind of moving coil galvanom-
eter that now Jears his name.)

The problem was—and is-—some-
‘.thmgr called the Carnot efficiency

of heat cyf:lea‘ Nlmlas@(arnot
born in 1796, lived a brief (36-

-ﬂvegrl lle in which he faumfled the

places, the waters are a -
. dense and frigid 35-38° F. Except

new sclem;'e nf thermcdynamns
.to supply 10000 nrnea the wurld‘

the mnst lmpﬁl‘tﬂﬂt of all rules gmr-

ning -the transformation of -heat

to work, either mechanical or other
forms of energy. The maximum ef-
ficiency of a heat cyole is (T\-T.)
/T, where T, is the teinperature
of the hot source -and T, the tem-

- perature’ of the cold-source, with
temperatures expressed as deg‘rees,’
Kelvin. (Add 273° to the tempera-

ture -in degrees C to get these val-
ues,)

From this 1mpnrtant rule, lt fol-
lows that the greatér the spread in
temperature between the heat source
and the heat sink, the greater the
eiﬁmency of the energy conversion
scheme and the lower the fuel cost.
As a result, power-plant engineers

‘have striven to boost this tempera-
ture gradient as much- as is practi- -

cal. Modern goal- ‘and oil-fired
plants canventicnally operate with

Mﬁafkﬁeﬁ fl’ mefnc:"
~Zae ?
IT FEELS MDEE o

mulnply dggrﬂes Cc by 3/5 “and add

32 dagrees,

a differential of about 500° C, and
other schemes call for temperature
ifffererices in the_thousands of de-

grees. For conventional plants, the.
"net operating efliciency is some-

where around 30 percent.
* But if you calculatethe usable

temperature gradient in the oceans

=

at, say 20° C, you wind up with
a maximum Carnot eﬁiclency .of
about 6.7 percent.

Since thie fuel—-the hot and cold

water—is free, you might ask whsta
difference the very low efficiency

makes. The answer is that to ex-
tract reasonable quantities of pow-
er—the tipe rate of energy. produc-

tion-enarrfious quanht;e; ‘of water®

ulated past vast
, deep
it near

must be rapidly ci
areas of heat exchangers,
t:tild water must be bmu

28

. bressure,

mg such a power plant Is" the Ef—
fgrt worth it?

A Frenchman named - Gem-ges
Claude decidéd it was in the late

_ the surfan:e. That poses pmblems :

1920’s and the 30’s, He built a,

plant, based on the ‘shore at Ma-

.tanzas Bay in Cuba, and ran his
" cold-water ‘inlet through the surf.

Claude mandged to get 22 kilo-

watts out of his installation, but.

whether that was a net autput=
whether the plant was. really de-

mtu jt— is stl!l unclear. At any

rate, .the plant was not an economic -
sucecess, and the problem' of main- -
taining the cold-water pipe through*

tropical storms was insurmountable.
" One of Claude’s problems was
hig choice of one of two possible

heat eycles to drive his plant, He -

opted for the open cycle, which
uses seawater as a working fluid as

‘well as a heat source. It works this
- way: The warm surface ‘water is -
flash-evaporated into steam inside

a boiler where a partial vacuum is
maintdined—around a - half pound

‘per-square-inch pressure for water

at ‘about” 70° F." (At atmospheric’
roughly 15 psi, water
won't turn to steam unless it’s heat-
ed to 212°. F.). The steam then
flows through a’ turbine, which

spins a generator, and. electrn: pow-

er can be taken off.

Qpen cycle ad\mcatas ’

much luck w1th am:ither open cycle

scheme off the Ivory Coast of Afri-
ca in the 1950°s. And there are still

persuasive advocates of the open- -

eycle system working today” They
include Dr. Donald Othmer,
tinguished Professor of Electi‘icgl
Engineering at the Polytechnjc In-
stitute in New York, and Dr. Os-
wald A..Roels of Lamont-Doherty
Geological Observatory, Both men
have been active in promoting open-
cycle, shore-based plants in the
Caribbean. In such plants, the deep
cold water brought up contains con-
centrated nutrients that are valu-

Dis-

able for mariculture, the cultivat- .

-ing of seafood such as shrimp and
filled with the

oysters in “pens”
deep water sucked up for the power
plant. (An Expenmental installa-
tiop on St. Croix tn the Virgin Is-

lands has apparently dem@ngtrated :

the practicality of such a mari-
culture scheme.
"71.) A bonus from such open-
cycle plants is fresh water from the
contlensate, a salable commodity.

k3

See PS, March
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‘Closed ‘Rankine Eyclﬂ for solar séa pow-

or ﬁlantl such &8s the’ Haronemus .con-
cept on page 79 Is shawn here achemat-

" lcally, with data supplied by Clarence

Zener and Abrahlm Lavi of Carnagile-
Mellon University, ‘Note that afthough

" temperatura diﬂ'aranca batween . warm |
or-is 20°. C,_only -half - °
ctually, a\?ailabla to tha -
haat anuina\ hsalf Tha mhar half is

this gradient Ia

fa(:a wstgr mm the avapnramr and fram

the condenser into cold deap water. The
gross efficlancy of such a heat cycle is
about 3.3 parcent; the net efficiancy. af-

- tar accounting for pumping and other

iosses, is-about 2.2 percent.

But the open-cycle system has
.severe. handicaps when it comes to
generatmg power alune ‘Steam at
& Wi eriatures available
has such a luw vapor pressure that
-it requires a very large diameter
turbine to produce significant quan-
tities of power, so large that the
capital cost” for building such a
plant might well make the whole

_ scheme uneconomical, in the opin- -

-ion of at least gome power engi-
neers,. , -
And, as one engineer told me;

- “We dmﬁ: want to kill the goose
that lays the ‘golden egg. s the’

gplden egg shnmp, or is 1t poWer'?
vote for power.’

So does Dr.. Cohen, late of the
jon and -

National Selence F«:un
now at ERDA. “It looks+s though
the consensus is, that if you want
ocean thermal power, the closed
Rankine cycle is the way to go.”
And that's why, in part, -the gov-

ernment; via the NSF, has award-

ed funds -for résearch in ocean
thermal work to scientists and en-

gineers closely associated with the .

closed-cycle approach. The princi-
pal ones are J.. Hilbert Anderson

nd his son James Jr., of Sea Solar -

ower Ine. in York, Pa Dr. Clar-
ence Zener and Dr, Abrahlm Ls\h
of Carnegie-Mellon ‘Universily in
Pittsburgh, Pa.: and William E.
Heronemus, meessgr of Civil Ej
gineering at the University of l\fqn
sachusetts, Amherst, Mass. Their
proposed ocean thermal-difference
devices differ in many details, but
they all use essentially the same

) thermadynamlc cycle.

Applying the Rankine cycle

.. The closed Rankine cycle resem-

bles a refrigeration cycle. A work-
ing fluid that boils with a high
vapor pressure at a convenient (for

“the oceans) temperature circulates

A

8.

HIGH-PRESSURE
AMMONIA LIQUID

CLIQUID
PRESSURIZER

LOW-PRESSURE ' .
munm VAPOR ; o

LOW-PRESSURE .
AMMORIA LiQUID

WARM WATER | :
" EXHAUSTED . : COLD-  COLD WATER
ATZ3"CLEVEL | o © WATER EXHAUSTED
» o . INTAKE AT7* C LEVEL
[-3

"m a -closed lmp mntmunusly
changing ‘from hqmd to ~ vapor
phase and back, never (accidents

___excepted) escaping. This liquid is
) mmpreased first,

-the bdiler of evaporator on one side
of a heat-exchange surface. Warm
water flows into the boiler on the
other side of the heat exchanger

:and gives up enough heat to vapor-'

ize the working fluid. This high-
-pressure gas then enters the turbine
and expands, doing work by driv-
ing the turbine, which can be con-

nected to an electrical generator..

The gas, now at low pressure, en-

- ters a condenser, where..it surren-
ders heat, thfough another heat-éx- -

change surface to' cold water from
the depths.

The workmg fluid could be am-
moénia, prapane, or one of the Fre-
on-like flugrocarbons; each has its
merits, aﬂd its proponents. Because
the vapor ‘pressures of these fluids
are so tuch larger’ than seawater

' Lmder a vacuum, the turbine size
can be reduced to practical dimen-
sions. The eﬁmency of such. de-

vices, however, is theoreticslly lower
than -open=cycle systems, ‘because -
conziderably less of ~the ther-
mal grgdlent is - available to the
heat engine itself. (See schematic,
page 81). The net efﬁmem:y of a

closed-cycle systemn is about 2.2.

percent. “The thmkmg now,’
says Dr. Cohen, “is to place such
plants at sea, not on shore, to. ob-
tain the greatest energy pntentlal
The amount of energy you can gét
when you site the plant on shore
is limited. First of all, coastal land

is very expens.l\?E/Angl the slope of -

the beach as it rusé’put to seivhas

then flows into

thermal resource. There aren’t too

many places where -all these things -

are favorably combined,
goal is to generate ver; Lubstantlal
“amounts of electricity, so we think
we have to go to ﬂoatmg plants at
SEE

One proposal -for such a plant,
develnped or Dr, Cohen’s program,

is pictured 6n the opening pages of
this article. Professor Heronemus .

designed the mammoth device to

provisle 400 megayatts of power, a . -

scale '‘nany experts in the ocean-

Our N

thermal field consider to be’a more |

* or less optimum size. (One hun-
dred megawatts -‘wonld supply the
residential electric
of 300,000 to 4000

“Our systeim,”
told ‘me, .*is based on an-idea of
J. Hilbert Anderson and his son:

D persons.)

They said *that even though the-

United States doesn’t have any

it has the warm
Gulf Stream. We want to let the
Gulf Stream, deliver the warm-wa-

ter resource to the device, and then .

we grab hald Df it and pump it

the ﬁrst sn‘.e Mmrmg is gomg ‘to
‘be a problem, but it’s feasible. And

we'll use either propane or ammo-

nia.” Ammonia has better thermo-

dynamic properties, but propane is

much easier to handle. . . . The
condensérs in this concept look a
lot like big automobile radiators—
they're plate fin heat exchangers,

- but the plates stand about 30 feet

tall, and the cold water flows
across the plates through one-hali-

inch-wide passsgeways 7 . .

to be very steep; otherwisesiyot#" “Ready in six years

wind up running miles dnd miles
of pipe to get gaur cold water. And
- of course you've got to have a gm:d

—~

o290 0
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“We . could have the first of
these 400-megawgtt plants on sta-

1 needs of a city .

Prof. Heronemus -

N



_ ]mgtad in m::h programs
L project waa blgger—ﬁ
. End I l::no\v lt‘a feasible ro *

Heronemus -(and nthers) cited as.

source of inspiration, was in turn

taken by the ideas of Georges

. Claude, Mr. Anderson (Sr.) told

me thht when he first became in-

© tere 'in ocean ‘thermal differ-

e ._?BHEE% in 1962, he had had long ex-
" .a . perience ‘with' gases; turbines, and
"‘ ai: mndihﬂning and :Efngeratinn

' - equipment - (he was a chief’ engi-
neer for the Borg-Warnlir ‘Corp).

Under an NSF grant, the Ander-

) ing l‘ﬂt’lﬂE] Qf what they call a Sea
Solar Power Plant. The model puts
- out 100 watts—enough to light-

" tanks of waler, one warm, one

. Mr, Anderson. was pleased to note
: - that the turbine of this demonstra- .
tion model turned over when the

temperature thﬂereﬂtml was ag lit- .

« - e as 3° F, using a refrigerant
called R-11 as the wnrkmg fuid.

Oi course, Mr. Andersqn has bip*

ger things in mind. To wit: .a.

ICID-MW plant- the al:e of a shlp,

"about 400 feet long, witl h the deck

10 feet above the surface where

the warm-water intake is.

o My last port of call. on ocean
S e .thermal differences was at Carnegie-
) . Mellori University, where I talked
with Di. Abrahim Lavi, Professor

el .- of Electrical Engineering; and-Uni-—--

vergity Professor Dr. Clarence Zen-

er. (Yes, the same physicist who .

dmlopedtheZener diode way back

.Y in 1934, “a whole lifetime ago,” he

- sgys. And Bob Cohen says, “I
L twit him by gaying he’s switched _

o . from solid state to liquid state.”)

' . _ The Zener-Lavi Carnegie-Mellon .

R -~ team-has- b&rrmneeﬁmung ‘moat-- iln:atl”' :

Iy on developing engineering sys-

., tems analyses, -and on ways to im-
BN pfgyg the performance of heat ex-
Says Dr. Zener: “We think that
power can indeed be obtained via:
ﬂle txﬂn thermal—d;ﬁeren@s mute

' very significant mem:t on our en-

T ergy needs, This is a low-technol-
R .. Ogy. fleld—it . doesn't require.any..
. . major. technical breakthroughs.” -

" Dr. Lavi:-“If we were to shift

- gears right now, we could have a ‘c

"+ ' one-megawatt ocean- thermal plant
.

a-small;- work-——

Alb—when’ energized by L?Q
- Whatllesahead .

warkingmtwgyea:s,ﬁﬁanlalnndp :

like ‘Hawaii, with an .expenditure
af just Sgﬂ ‘millioh—~a test  facil-

“lity,.. .  We could begin to get '
eummemisl-mié, 100-200-Mw plants
~on' line in the 1980°s.. We could .
'hu;ldadn:gngfthgmsyea:"

r=peientists -have -

_concern over the possible Eﬁﬂlﬂgmﬂl:
‘impact of such power plants. Dr.

Zena: comments thus: “I asked the -

uestion, by what amount would -

- we have_ to reduce the rate of evap-

oration in the tropics .to supply

“all the energy now being used in -
thewm'ld‘*‘Andthemmwensthnee .
pement I don’t kriow whether the
‘tropical countries would complain -

-gbout being. a little less wet and a
little cocler.”

-—Pr.-Cohen-has recently-let-a- gan---"-;»“* s e

tract to the Naval Research Labora-
tory to look at the environmental
impact of * ‘moving water around at
millions of galltms a mmute "

As of this writing, ERDA is pre-

paring a comprehensive long-term
energy program to submit to the -

Congress, perhaps_this month. But
Dr. Cohen says, “We're still shoot-
mg fm- a floating pilot plant, may-

gawatts in _1981. That
wmllr] p' a"rather nice coincidence

—the centenary .of d'Arsonval’s

original paper . .. he recommended

-the closed cycle, by the way.” And
. informed sources in the field believe

that . the government will field a

100-megawatt commercial demon-

stration model by 1985.

-'There are-still, even inthis “low- . :
tecimnlugy ﬁelﬂ many problems -
to be salvaci foulmg of the heat

exchangers “by marine organisms;
mooring vs. *dynamic positioning;
which working fluid to use; corro-

sion of the metnl parts; many other ==
e problems seem to-

details. But th
be ‘solval

by Locklj éed and TEW) “ghould be
made pul llc this month.

energy ternatives is a publn:-
ns problem.” The only wa:f
we're zﬂ' tngettbesealtemanves,

such an thermal-differences
géileratn is for enough ordinary
citizens to decide that they want .
. them.” | . . N - O]

R—22 30

ith a reasonable ap-
pney-and - manahnurs



'BY MARK SWANN

€ L B : .- : L

TN R ONE OF THE most tanmlrzmg pot;ntml cncrgy sources in the world
: TWEntY‘fQuI today is relatively unknown-to the general public -- 1t is sea thermal
: hbnrg 4 day, o © . power. 2 methgc! of producing energy by using heat engmes to harness™ ©
‘ - the small temperature variations betw;gn the sun-heated surface of the
. tropmdl seas and - the LDld deep watc;-r . N :

- C s ".sc,mr;gi bt:mg r;plemshgd CLuly by_ mldr r-;clmtmn. ‘One tc.arn Df re-
' ~ searchers has estimated that this power source is capable of providing, -
: , v on i continuous basis, 200 times the eurtlfs total pcwerinegds in the
. ' C : S year 2000.! :
o : Fhere is one great difference bc:twu:n seil therﬁml power and D[hET -
solar energy technologics: Because the surface of the tropical seas
) ; ST ‘ never falls below 78 degrees’F. at any -time, it will be possible to
— . ' ) operaté sea thermal power plants at full output, or close to it,-for 24
L o ' hours a. day year-round. That is, since the ocean’s surface waters act as o
- - do a vast, repository of solar heat, sea thermal plants will not require heat
' ‘ ' ¢ storage capacity in order to produce power during periods of little or_
no sunlight. Down time (when plants are not in operation) will there-
fore’ be \limited to periods when major. repairs dnd maintenance must
be undertyken.
All ch,r proposed systems for use of tht: sun’s LHETRY (with the
exception of arrays of solar cells Drbltmg in space beyond the carth's
S " , "~ shidow and outside its atmosphere)  require some means of storing
’ heat or electricity. Such a constraint increases plf t costs in two wilys:
First, the solar collectors thcm%glws must be several tithes ds large in
such systems as in a system which requires no storage. Solar: collectors
~in the Arizona desert, for cmmpl; receive useful solar heat for about
8 hours a day. If such a system is to provide energy for 24 hours a
day, it must have three times as much power capacity as one which
operates continuously "day and night. Segond if a highly efficient stor- ~
age and retrieval system is used. it is vgry expensive. In a small wind-

mill power system, for example. the ¢ t the battery storage com-
ost. In a large power system.

_ "pcant is usually 50 percent of the tots

* ———————————" 1 cheaper, less efficient (about 30 perce i) storage system would prob-
-

MARK SWANN s a free-lance journa ably be used. The power ciapacity off sgbh a system would have to b:,

ist active in environmental- affairs. N . '
- — further increased, in order to supply :thc additional power lost in-

=
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"

- retrieval.-
of sunlight
.most important obstacle to-widespread~ -
" solar development.

tury of salgr heat, sea
thermal plants will ngt
reqmre heat starage capac- .
ity in order to produce

-power during periods of

little or no sunlight.

Limits on svailable amounts
constitute -probably the
(Of course, if a
intended for,
only, which

‘power system .is

solar )
demands,’

peak . power

‘usually - occur- -during - daylight . -hours,
- storage is not necessary.) ° .

How It Wn:l,cs

Q
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The heat engines in sea thermal plants
transform heat energy into the me-

Warm
Water
intaks

L : '
: =

N N
=

- chanlcal work " of spinning a turbmz

Heat -engines in- fossil-fueled and nucle- ,
plgnlx perform th= same - dents

ar power

step inval\nhg' tr,
- énergy into mecha
th: turbine. A

gqergyﬁt«: drive
to .the semnd

ﬂnws from a’ hatlgr Ikl soufce”
colder **heat sink.” In.a. steam turbine
powered by il or cdal, fuel is burned
to pmv;d: heat; and the natural out-
side environment is the heat sink. The
burning fuel heats the watertin the
boilér,- producing steam (the w kmg
~ fluid), which expands and is drivén b
the rush of. hedt fo the heat sin . Thé
'!url:"m;i a \qnual kmd bf th:l of

muunt;d on ‘lt harn:sses tl’m ruslung
. steam. Some.of the steam condenses

fé;mm water as it ‘gives up _energy in the’

~ turbine. Remaining steam is conderiséd

in the heat sink, also called the con-
denser (see Figure 1),

This entire pmc:ss is what is mt::mt

by harnessing the vdtiation betw o

two temperaturés. The application of

this . prindiple to--

: lharmal plant a m\:ﬂthud now referr:dg

I!Ga-'

the . océan's -stored:

o

h:at was first suggested in’ 1881 by
Jacques d’Arsonval, Dnz c'zf Vlus stu-

to as the Claude process, or the ps
cycle . method, The pmb!em with

Claude process, however, is that the air
‘pressure on the warm water:must be/
lowered to a point where vapor will
form Twhich .can - propel gz turbine.
Water vapor ‘however, has a low den-

' sity which, r:qulres thnt ‘the turbm%

have !

* vanes, Such a turbm: for a commercial

plant would be inordinately large, k-\x—
pensive, and difficult to maintain. An
Qpen cycle turbine for a_100-megawatt
sea” thermal plant, for instance, would
have to be more than 40 feet in
dmmgtu

An alternatlv: to warm wale
b: a type of working fluid which va-

) 'pt:mz:s (bmls) gt the uppcr reaghes gf

o =

Turbine

— - . . Caolg

4 Waler
Outlet

FIGUHE i
SEA THERMAL PﬂWEE EENERATINE CYCLE

®

RE
| watm ° -
Water
Cutfat
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~‘and into the heat sink (cold sea water),

and’ cold sea water wuld thien be used.
alternately to vapori
the working fuid.

lhan vapanzed sea
sents. ;t; own’ p"
chang
&

rates the Wm'k.ing ﬂu,d from the heat™ '
source and the heat sink, permitting
the heat to“travel from the source (in -
this case, warm sea water) t gh the
wmk;ng fluid—{a—more voldtile fluid) .

‘associated with the design of effli‘.lem!
heat .exchangers for sea thefmal plants,
These- will -be discussed later in con- .
nection” with plant construction ‘costs.

" Finding Warmer Waters -

The ggne;al lncatmn of the ‘sea thermal
resource -is, roughly; the 1,700-
mile-wide area around the equator be- '
tween the Tropic of Capricorn and the’
Tropic of Cancer. The ‘beean covers 90
percent of the: earth’s surface in this

i equatorial region, Some of the most
« promising areas for-sea thermal devel-

" east coast

opment are the South Atlantic Equato-
*rial Current area;<he Gulf-of Parama,
Micronesia, and the northfbest coast of
Australia south of Java.” Other areas
with usable temperatusg variations are
the sea around Hawallmost of the
Caribbean; the Gulf Stream -off the-
t of Florida, the Gulf .of
Mexico, the Arabian Sea, the Indian
Ocean, the East Indies, and the Atlan-

" tic Ocean of the coast of West Africa,

{

One of water's most important
properties in this application is that it
forms relatively stable isothermal layers:
= layers .determined by temperature
ami dsnmy,,

. pmp:rty w:th the glnbal pattern of

Q
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IAR=FIA (1= T1 = 1

ocean circulation forms the physical
and environmental faunﬂatmn for sea
thermal power. ln general, warm water-
flows away. from the. equatorial’ regions
while cold water from the polar re-
gmns flows under it toward the equa-

coast of Fldrida, for example, warm
sea/yater flows nc:rthwafd in a current

27 milJion tons per second with cold
water flowing southward just beneath
it. As the cold water reaches equatorial”.
fegians. it is heated, .its dénsity de-

P

nd condense '~

‘ﬁxlgn A hcat ucﬁanger ;; s;mp’ly a 8
cfacl, - .usually_me h..

which can be mppsd for r

d t
. Fgr:m amau naturauy o

 the theoretical amount.
thermal plant will ﬁnly yield about 2
iency in actual opera-.

. the

The ‘réverse process takes place- with

warm water reaching !h: palar regmns -~ clusions '_ i
n ci "~ “The THW tedm has :Dnservatlv:ly -
L Eal!l’ﬂﬂtﬂd cap;tal casts of proponents’

,perate with n:iiflglally mducv:d term-
: af hundreds of

pérature. variations (30

i;ldynaml(;s 1‘5 _that,

mum’

variation, the maximum  ‘theo
,.amount isx,glnse to 90.percent; 1/‘

smaller variation, it i% less than |1 p:r—

cent, However, the acfual amounts of

useful output is approximately haLf of
Hence, a sea

to_4_percent eff
tion, WhllE nuclear and fassﬂ fueled
planté yield 30 to 40 -percent. For
many years, this :xtrerﬁ:ly low effici-
ency discouraged niany investigators of
sea the What th:se m-

total :;:ﬁm:mir:s af th: power
source; if the fuel is free, the effici-
ency factor changes significantly. _

With the costs of all conventional
.fudls continuing to, escalate since the

1973 Arab embargo’ of crude oil, alier-

,ﬂativé :nergy sources hav’: been more

tor.—In-the - Guif:-Stream off - the-east - -

- Two y_egr,s agﬁ, the Nati@nal Sc:umc;

Foundation (N5F) and the Energy Re-

search’ and Developnient Administra:

tion (ERDA) awirded large grants for
parallel. feasibility studies of sea ther-
mal - power to two aerospace co
panles, TRW, Inc.,, snd Lockheed Mis-

studies resulted in cautious corrobora-

tion-of the <onclusions ‘of .earli pm- :

ngenng studiés: Sea thermal power is
t:r;hmc:ally f:asﬂ:le and ﬁummcrclally
promising.

The TRW feasibility ,re:part included
close Bxdmination.of the cost estimates
of three different sea thermal research

The heat engines in sea

- thermal plants transform
- heat energy into the me-:

-chanical work of splnmng
turblne.

R-25

grees F.). A fundamenial la'w af ther

"theoretical amount of useful
"work output. with a large temperatura -

siles and, Space Cﬂmpany, Inc. These -

als, and fabrica-

nge, in. lE“'H dallar;. bstwean .
] 400 pgr kilowatt and $1,700 per
. lulnwatt spanis  the pmpapents con-

cepts. These figures are ]-ugher than
proponents’ estlmstes,
appear tofeflect Sx,gmf'f:ant economie.
resulting . fram -

energy canversxﬂn] techm:lngy devel-

opment.” - b

By r:c:mparlscm estimated construc-

. tion costs «af nuclear:plants planned for
range between:

1985 operation  will’
$830 and -$1,000 per kilowatt. Coal-
fired plants, including devices to re-
duce emissions of sulfur dioxide and
particulates, will cost about $750 per

Electricity from these nuclear plants
will cost at least 37 mills per kilowatt-
hour;  electrigity from the coalfired
plants’ will cost.about-44 mills. Elec-
tricity from the - sea thermal power
plants may be as low as 25 mills per
kilowatt-hour,

ERDA’S pasitiﬂn,?é;ed on the
TrRW and Lockheed sfudies, is that sea
thermal
attractive if the predicted capital costs

. ean ‘be c¢ut from the estimated

$1 400-&: Sl 700 per kiiﬁwatt to abaut b

the . .h:hns ankms Apphgd Physics’

Laboratory, the University of Massa-
chusetts, and Carnegie-Mellon Univer-
sity all believe the 51,000 f:gure is
achievable, ~
Clarence Zener,

present technology - -

all of - which .

) technelogy - -develop-.
- -ment. -If the TRW ‘estimates’ are. regard-
ed - as reflecting present technology, the

sproponents’ estimates would .seem to

" five incentive to OTEC [ocean thermal’

kilowatt_to _build, Both_must buy fuel. . ..

powér will be commercially:

professor of engi- -

" neering at Carnegie-Mellon University =

and a leader of the sea thermal.team
there, believes that the cost of one of

the most expensive itgms in-a sea ther- -

mal plant, the heat.exchangers, might

be cut in half if specially designed sur-

"faces to 'improve heat transfer were
used- — an improvement which would
make possible the use ‘of heat ex-
changers. with' a smaller sufface area.

- While - some experis- estimate -the ex-

changers to constitute .26 percent of

the total cost of sea thermal plants_

others” estimate thé cost at moré than
] 50 percent. Thus, a significant cut in the
cost of .the heat Exthangers could gn:at—

ly reduce the construction cost of the*
entire plant. Most Tesearchers agrée that.

: of low-temperature’ .~
heat exchangers, a relatively new field,
presents the greatest challenge in the

the development

field of sea thermal power. 1
‘ Unlike cﬂnv:ntmnal heat ex-

>



7 free power. ... The id 13
have a gentl: duectmna} 1
an absence of faulmg organisms

The lnngmty of the pla
reliability pf power generation
-more aspects of- thebcosts. Othe
ic econo
“later.

lv’be done in hleﬂf
“h: bmts will move the planis to th
- sites. Cn!ds“tgr v e fle

‘to the mﬁ in seclmn: for an-the-spét
mmblyi
Accn ding to a member nl’ the TRW

Electricity from nuclear "
plants will cost at least 37

" mills per kilowatt-hour,
from coal-fired plants,
aﬁuut 44 m!lls and fram




mmm damaonst ung

QM iﬂnﬂplﬁ ol & lu tharmal powser plant,

ontrast. with Tand-sited p@ﬁér
£ Opp artumhes for cost sav-

“In
p]mt.s.
iny 1

AR gy, I
construction, is shipbuilding: Identical
OTEC plant; might be constructed in

" quantities constrained unly by demand

and production capacity.”
Zener pointed out some years’ ago
t the principles af work in sea ther-
power: do not in Dl\fe advanced
t:i:hrmlngy ‘but, rather; *sophisti
plumbing,’”® A iarge part of the escala-
tion- of - oapital costs of nuclear plants

t,

has been laid to increasingly. stringent’

.!;af:ty and gnvnmnmﬁntal standards,
Sea thermal power, because of its in-

Q
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“cial;

- pipes,

- enable
- economically.

“"trinsic safety. and ecological acceptabil- |

ity, will not be similarly affected,

The job of stationing a sea thermal -

plant “on sntc involves problems of
Jocean :nngErl . The gr&dtr:st chal-
lenge here is probahiy presented by the
vold-water pipe, which must* have a

very large diameter (at least 40 feet) i

order o dex:r:as: expensive pumping
requ 'érqi:nts The pipe inust be from
- 1,000 &t to 4,000 feet in length, de-
sp:ndmg the site, in order to obtain
the coldest: water possible,
smnll temperature range involved, each
legree of temperature difference is cru-
questions of economy, such is
whether it is worthwhile to lengthen
the pipe to gbtain water which is one
degree colder,
on the basis nf further resmrgh and ex-

perience.
~ Several types of cold-water pipe ~
have . been proposed: concrete pipe

_Testing on the ocean floor, tclescoped
concrete sections
ancy, welded

reinforced

diameter pipe, and reinforced synthetic
Research is now being done to
determing the static and dynamic loadg
_on these yarious pipes,.. .. . ,
. Fiber-reinfdreed  plastic,

coated with neoprene and stiffened
~with steel- rods, appear to be pmmumg
materials. for the cold- water pipe. Ifpis
not clear at this pomt_wht,thu the
technolggy has advanced far enough to
such’ pipe to be cnnstmct:d

) and cﬂnstructmn of ‘the
'pl,mt s hull are also significant factors
in determining cost and siting, TRW's
and Lockheed®s baseline concepts-call
for very. large eylindrical and spar hulls
uf  reinforced  concrete™ which  will

. house the turbines, the pumps, ‘and the

heat excha ﬂgEl’E

1

£

* James H. An
 the ‘Tield «a

" Pawer,

v of design and :

cated

" of course, is made,more difficult,

With the .

will have to be decided-

ith voids for buoy-
) aluminum,
steel pipe with inner walls of smaller-

or nylon

fﬂunders of Sga ‘Solar
lnﬁor'nmted, bel;eve thzgt a

.th;: hull at depths where tht m’:Lans"
; hyﬂmstatlc pressure Equals thé pIessure .

- Inside fhe exchangers. If the Andersons’
proposal is feasible, not only can the
"hull” be s;gmf;:antly smaller, but the
heat exchangers can have thinner walls

(because they do not have to withstand .

internal prgssurt) and - can therefore be

" less expensive, o
Positioning the plants will probably -

be done with the use of jet streams of.

- used warm water and cold water from

.the plants, another innovation first
proposed by the Andersons, Perman-
ently mooring the plants appears ey-
pensive and unnecessary. '

The must for ]

e ocean mn;;h—
tion ‘i the “'sea-air mterfacr;

where

. waves, winds, and storms can do much
damage. The best” strat:gy s simply to’

submerge a large portion of the plaft

to depths wheére the water is -free of -
- wave -actior. The resulting stability will

“be much greater: than,’ for example,
that of off-share oil rigs. Maintenance,
but
most of the plant should +be relatively
maintenande-free. The periodic use of
frogmen, if -bnly. for inspection pur-
poses, is probably. unavoidable,
4\

" Sea Thermal Products:’

Neither. the TRW nor the Lockheed in-
vestigators were asked to sfudy the
question of energy delivery to shore.

Yet enerfy delivery is obviously -of

great - significance for "sea thermal
power because the best plant sites, gen-
erally speaking, lie far from the biggest

 users of electricity,

A very important humr Whth mﬁst
investigators. have come to realize is
that forms of energy other. thagn elec-
tricity must be produced if the use of
sea thermal power is'ever to become

. iQ&m:gagatf plant, this would run to

wauld cumbma mtmgen n:maved t‘mn‘L

* the air .with hydrogen pmdu:sd by

électrﬁlys s to make ammonia.”

The most ambitious proposal so fa
has been made by the Andersons:’
Fresh witer, n;anne fopd, £carbon
dioxide, cnxygen “am® nitrogen could be
produced with relatively little power

consumption, Hydrogen; miethanol, and" .. - o

ammonia could be produced usmg on-
‘site power. - ¥

Fresh water is produced by vaporiz-
ing some_of the. used warm sea water
and then condensing it with used cold
water, Only .1 to 2 -percent of the
“warm water -passing through the plant
would ordinarily be made into fresh
water, -according to Anderson. In @

Jbou million gallcms per day. At
20 r:ents per one

year. Fresh
Lh ply. And in-: areas where fresh
is more valuable than electricity
or synthetic fuels, plants’ could - be
designéd to produce much larger

. amounts of fresh water. :

H

A portion of the nutrient-rich cold
water will be, sufficiently warmed in
condepsing the fresh water for it to re-
main near the surface of the ocean,
where it can be -used in food-related
projects. An Experlm:ntal manmlture
farm bigsed on nutrient-rich ®id water
has been in operation on the island of
5t.. Croix for sevéral years. Depending
on the required number of tons of -
water per kilogram .of fish, income
Lnuld range from $7 Iﬂl“lDI’l to $80

The Andersons pmptpse to deaerate
the warm sea water before -sending it
through the heat exchangers, in order
to control fouling of the exchangers by
aerobic organisms. The components of
the removed air — mainly oxXygen, car-
bon dioxide, and nitrogen, which are

" present in higher concentrations in sea .

widespread. One - such use, first pro- ~

pased by William E,. Hun:mn:mus pro-
tessor of civil engineering at the Uni-
versity  of Massachusetts and head of
the university’s

the production of hydrogen at the
plants by -electrolysis. Many experts
¢ r hydrogen theoretically the

ideal synthetic fuel: It can be mixed
with natural gas; it can power ‘fuel
cells; it can be burned in power plants;
-and, unlike eleetricity, it can be stored
cheaply.

sea “thermal team, is

Other investigators, especially G. L. -

Dugger at -the Applied Physics Labora-
tory at Johns Hopkins University, have
proposed the production .of ammeonia,
an  energy-intensive  product  usually

water ‘than in the air above — could
then be separated by refrigeration tech-
niques. The yearly income from carbon

Most researchers agree that .
the development of low-
temperature heat exchang-
‘ers, a relétively new fi‘eld
Iengesln the flEld Df sea -
thermal power.

I
B,

cr “can be barged‘very o
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‘ be pmdu:ed by comt

" dioxide is E!nmated at 532 ml].llDﬂ )
“from nitrogen, $6.5 million: and ffnm

m:ygen $5.5 millix:m

ct y is. sed fnr
:lec-lmlysg, t’he resultmg hydmgm at

roduced

Ethanal can

Tg hydmgen

" from _electrolysif w;th ééfbun dioxide,

but at urrent pnt:e; sucle prgmlctian
is'not profitable, Ammonia, which ¢an
be " produced by mmbmmg ‘hydrogen

“and nitrogen, ‘would cost $170 per ton

. carbon dioxide, and 'ni

to praduce and,
profitable at this time.

If gases such as-hy drogen, m&yggn
rogen = all of
which have important:industrial uses —
‘are prbduced on sea thermal plants, it
may be a natural step for the plants to
act as -bases for major refining’ and
manufacturing . processes. The possibil-

ities of ammonia and methanol produc- .

-tion hava—--hﬂn mentmned Both

Anderson and Dugger have pmp@s:d
locating aluminum ,rgductmn factories
on bqa:d séa ‘thermal plant\s ~or m:.arby

h :ma dr.{n)mts mch as Jamu:a ‘are

inthe tropics near the séh thermal re-

source. Yet, currently, bauxite ore is’

" transported as far  away as Canada,

where it is then made into aluminum

"~ an cnergy-wasting propasition. (Pri-

" U.5., incidentally, accountéd for about

-, feasible,

mary production, of aluminum in the

12 percent of the total 1975 industrial
electrical szales) ERDA and the US,
Maritime . Administration have made

grants for the study of the potential of -

sea thermal industridl complexes.

The main’ product of the first sea

thermal plants, however, will probably
be electricity. Hawaii, Puerto Rico, and
Florida have sites near centers of high
-demand for electricity. According to a
privately funded feasibility study,’

underwater cable power transmission is
costing 513 million for" a
twenty-mile cable system;or 5 to 10

pem:nt nf the total capital cost of a-

Eﬁvimnmemaj Elf'fé;ts

Because the use of sea thermal power
-require extrac
from the earth or burning of fuel in’its

. operation, many of the environmental

eff: ts, su;h a3 a;r p-t:llunun and radln—

nuﬁl;ar am;l fnssd fuu,led pgw:r plants

are not present. Nevertheless, one

- direct consequence which has’ been sug-

gested by thE Andersons is the heating
of - the ocean. ht rmght seem, at first

ygen worth $a 5 imllmn-'

. waler;

- “ilicted _temp;rgturé

again, may  not ‘be

on of fuel.

] (v’
glance that_ just the- ﬂppas:t: wnuld

occur; that is, that the ocean’s temper-,
ature wuuld he Towered bec

the ocean's depths (a necessary step in

“the sea thermal process) will enahle‘

more solar heat to enter the-surface
i !hc:rehy slightly m:reazung thg
‘total Weat in the. ocean.

It should be

L'_c;rgas:s

the ‘sea thermal resol
oped on a large s:ale are so0 small that
they .can be measured in thousandths

of degrees. Most' other sea thermal in-

vestigators do not believe there will be
any change at all ;in the amount of
heat in the ocean. Thrz again, is an
area which needs’ [u,rther study, both
in regard to effects on marine life and
on weather conditions. (Weathier mod-

, ification can be caused by even small
" alierations in the heat -balance of the

ocean,)
-Another - possible - effect on ﬁ:aﬁye

life might be caused by a massivé spill
of the wcrking fluid Obviously, ‘the

se of thes

- accldent
surfgc_e and its Subsequgnt release into” -

tressed that the pre-
EVEI‘I 1f )

effect . would ﬂepend on the typé of "

: warkmg fluid being used. Proposed so

far are amfhonia, the hydmcarbc:n pro- . -

pane, - and any one’ c:f a:varal heavy

“occurr g, and- its’

quences?) must be considered. /
sk earlier, laﬁay

tion will ‘preur, as the result /of warm-
: irough Ith use as'a
cundgnsmg-agent This is tonsidered
mmercially benéficia Stlll it is-also
ical stress the' lnng-rangc

- a major ecolo

' quences nf sea thermal power, :

" World !xi-npgct

The - results of developing an entirely
new energy Source. ‘Wo 1d natumlly be
sigpificant, -as well as varied and unpre-

fertiliza- -

-

L

h ‘are ‘not.fully under., .~
Cis supporting ‘studiés in °
srea of ecological. v:nns:=_

" dictable. Sea thermal power’s economic -
effects: on -the tropics alone will be’

profound. Economic growth has histor-
‘ically been harmful to ecological

~~balance; - causing - depletionof hatural

resources and fouling of the air, water,

and soil. Efivironmentalists have under-

. Cald\&atgr
. Intake
(3 UQQ—fuﬂt depth).




< the papulatlfms of - econor féﬂly ad-’
< vanced ‘nations must. begin to learn to
*do with less.”’

, would reqmre in- some measne ‘clean
oceans, The pn:sence Df oil slu,ks could
urfaces, m

Another pmnt lin f;wor of sea ther-
mal power -is. that it taps constantly
‘replenished solar heat instead- of releas-

mg thc: cnn:t:ntratt:d stmed heat ac-

Lockheed report state
“The dpproximate 3 percent of the *
enefgy . that DTEG‘Z‘ extracts from the
seq  wiater pass,l,ng through it at one
time i3 a small dmount, to be sure. But
the halance of ‘the energy is returned
to the ocean reservoir whese it is aug-

.~ mented by thE sun, amj can be used

ERDA (and earher the N3F) de-
serves credit [for making sea thermal’
‘power acceptable az a. possibl
eénergy sourceé. Since the researc :
gram began, fn 1972, the federgl :r.up—

= . _ port for it has approximately tnpled
" each year and from 1974 to 1975
guadrupled to $3,000,000,

J: Hilbert Anderson, the. earliest
modern innévator in the field, believes
the t:t:hnniggy exists now for the
design and consfriiction of a 100-mega-
watt sea thermal plant which could be
in_operation within four or. five years,
It is his opinion that only .the exis:

tence of g completed plant producing
significant| amounts of power will pro-
vide suffidient motivation to launch an
intensive |development program. Once
launched,’ he believes,. sea thermal
power wﬂl prove to be the most im-.
: portant te:hnalﬂgmal advance af the
tw:rltletl‘; m;gtury ) ) g

“.The title of ‘this article as origindlly
submittéed was ‘Sea Thermal Powér.”
_The publisher and editors of Enviton:

+ _ment are respopsible :‘for the published
“titles ‘and sublitle
graphs and lead-in excerpts, photo cap-.
tions, and preparation of most graphs
and illustrations which appear in
Enﬂrunminr ﬁﬂ’n:le: . '
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o Pow,er wﬁh Hehostats-;

At
A central ret:ewer lllummated by a ﬁeld of helmstats can

- ,Alvm F H« debmndtam:l Lc:nn L Vam Hull
' .

N . - . . .
.t - Y . *

4

more costly to purchase and tg operate.
To power such a unit requires the use of
most of the solar energy incident on 3 to

Many solar collectors presently on the
market are suitable for providing doies-
tic hot water and for heahﬁg homes. ThE
higher quality energy requj
. fectively dnve an mr—cc:ndltmmng cycle )
. is proving somewhat more difficult to ob-

- tain with flat-plate collectors, but prom-
ising solutions are on the hunznn There
is a gem:rgl consensus that fuﬂh'ér in- .
creases in energy costs or collector per-
formance coupled with the cost reduc-
tions resultifig froim mass production will
result in a sizable domestic market for

40000 tracking parabolic dishes, each
kmngentrﬂlnng €nergy on an individual
heat engine. is one relatively complex al-
ternative. A second alterndtiv to col-
lect the thermal energy | from such & dis=
tributed .m‘ay of lindar=or point-focus
-concentrators by means of a fluid and

.bination of costs and
ciated with such a heat r
can easily become prohibitive:’ A third
“alternative is to collect energy optically
_from a large area with :he ‘use uf helio”.
stals, '

|- losses asso-

“'We would Illfe o Eunsnder here a much
larger potential market. the electrie and
gag utilities. “Consideration of turbine
:ycle Eﬁclgncy Icads to' the obvious cana

axis lrackmg mirrprs—can bé. ‘used to
*hold thé image of the 5un (helio) station-

[

== far Ex:m'iple‘ ZDDT‘ ﬁﬂﬂ‘ﬁghéf' “SimilEr "
temperatures “are required 1o drive:most
_useful_thermochemical_reactions. Such .
temperatures are beyond the range of
flat-plate collectors and are marginal for
~ lincar- focus, concentrating collectors. A

) ﬁmhcr reqmrcmc:nl of an electric utility "

- 1% that individual units produce on the or-  sorbed energy can be extracted from the
der of 100 megmgmgs of E:IELI,!L“Y " feceiver and delivered 1o the ground at a

‘srm}ler um(s!emll be leas :ﬁigler ‘and _, témpérature “and - pressure suitable fors
LR " Dr. Hild R drwmg a conwentional uh]ll; type stei m
* tor of the So turbige for electrical genertion, Three
H""““‘:z_ large design studies {discussed bt:luw)

Leurrently - hearing  completion

. - . R-30

square meter penetrating the aimosphere -
multiplied by the total mirror area). Be-
cause of the central focusing of energy
from thdusands of heliosiats, the ab-

i

. Universil nf'
Dr. Vani-Hull

reclor of the Sux

Aruitoxt provided by Eic: B ~

- history of the solar tower, (

5 square kilometers. The use of 20, 000 to.

use it to- ur;nemle a lurg'ine- The corii-

nsport system |

HEIIQ&[;HS—I;&I’EE rmmmdlly flat, ‘two- -

pt k:
dbuu! 73 Df the ﬂux lnudcm (taken as
-the. . product - of - about.-l. *kilowatt -per -

e

’ lhmughs should be requnred to Enng th:‘

cost of- lhls syslem. once it ls in m;ss

In the balance of lhls amcle, we shall

* discuss (!) the plan of our solar thermal
' power %y

1 or 'soldr power tower"
ptical- transmission, (ii) the

based' on

er subsystem, (iv) the dgsngn of the he

_ liostats and their placément in a field, (V)
thermal storage, (vi) environmental con-

cems ;md {vii) EGEI’ID]TIIES
The Plan of the Solar Tower System

[

.o

A fower supporting a solar receiver- -

_ boiler is located near the cenier of a field

of mirrors ‘of heliostats (Fig. 1). Radlam .

energy reflected from the sun is linter-
cepted by the receiver.and absorbed as

-heat on its siirface. High-pressure watér

circulating thiough tubes forming " this

surface is converied. 1o steamn and re-

turned” to thé ground. Here-it.may
used.to power a 100 "gawan {electric)
turbine generator set and’ SImlﬂlaneuusly'
.10 charge a thermal storage unit fDr dc—
ferred operation.

Ahhuugh differing in detail, a vanely
gf :syﬂém& cunslsung ﬂf; xternal re-

l‘eﬁENﬂl‘ can be deslgned to have an
ﬂvemll efﬁzl:m:y of 2(3 f'c:r !he con-

on of 9513 w;m:-, ‘per- 5quare'
hchm!

beam insglat
mEh:[’ typit;ally 2

1f 3*“ squarc knlnmeters sur-
mundmg 2 receiver elevated 260° m;[ers

.1)ora cavnyv

e

above the gmu;d to provide 100 mega:.. .~

walls (electric). Su:h & system can défiv-
er an annual average of 5.5 kilowatt-
hours of steam energy per square meter
of mirfor area on clear days in the
deserts of the U.S. Southwest,  *

'L
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mslruclf:d mldlzrs to n:ﬂec.l the sun umg‘
the *sqil of an enemy vessel by carefully -
ting their burnished ds (Welio- -
stuts): Their efforis were su essful, for
] 1 was sel uﬁre It was not until
later that Trombe
: ddc.d hydr.lullgally
rvomechanisms to an array
ut Iurbg helms s to prudu\ce an -iulu-

rnal) ‘mhﬁ gﬂllenmr /). ln(l‘.‘ﬂ:‘ilEd in pms

ducing high temperatures to melt m:
% Trombe added. a Luy.- fixed Gon-
Q.mr.nur consisting of a parabolic di
«~ and achjeved a température of 4100°K,
Baum er ul‘ 2) mv;sug.uud atracking ars

B of hc:llu'sl its on muvmg

r requi 'ﬁ‘mm wguld
(hc very slow  speeds InV(lth:( 4
“&heels on the dusty railroad track W
experience} starting - friction.  contin-
uously.. ' 7

Francia developed an intricate clock-
driven field of 271 heliostats and. was
able o produce steam at 4 rale equiva-

. lent o 150 kilowatts (). Using flat mir- |

ateri-_

lh;:A

zatmn uf 5 enr:rgy “onia mesﬂ\wau
(electric) basis
ta Lﬁnrpeet many. thousands of helios
into a smglE clockwork device-with suf-
ficient precision. Moreover, the mecha-
nism is not well suned to the kurger mir-

o rcqu'n.d for an ¢ nomicy Lsyslgm

C o

“désign. . o
A rc:mw:mmn mvulving a l;ll’éi: num-
ber uT.hEIlu;[dls took place in 1970-1971
at’the- University of Houston (4). {This
work waug \Uppﬁl’lLd by the RANN pro-

.gram of the National Science Fuundalmn _
" (NSF) begi

( ing in |973 !gd"ln 1975 it
was’ transferred to !:RDA (Epergy Re-
search and: D;v;lnpmc:m Administra-
tion) aldong with related” iny

A5).) E)urmg our sludy of lﬂﬂb n.rm prob-
Ic; s AN :«Eum.:: und L‘ﬂymtrmg it bg—

‘ energy
C e sume Inveshga-
tion of the pos ;bnlme:‘ had alrcady been
carried out, we énmldered only the most
promising options.” Photovoltaie cells
were considered first but., because of
their lurge cost and low efficiency al that
time. were rejected in favor of nm&ﬁ&
tinlly efficient thermal conversion T yklca

;compatible with the utility grids: Sl}edm=

!rzmamlssmn methuds. -
beciuse it is jmpractical .
s highest quality !sﬂldl' Energy is ubl.:um:d

_temperature would require ar

“stantial loss

" nemic pmce:ss for :dslm

RS

. thermodynamic cycle efficiency and the
_ccunumlu m‘pruduung the ‘\LlLL(Cd c:ul—

eleum, cunversmn éytles pmdui;mg 100
10 300 megawaits (efectric) are well de-

;vf:luped by lh: uulmea which alse have

The laws of physics lr;:ll us that the

with a point-
radiative equil
ited to thay QflhE soure
sun at about 5720°K. To

: Because
largé lenses require éxcessive bulk. m'me-

or a perfect-foeusing .mirror.

rial. mirrors are preferable.
many small’ focusing parabolas can be

-used, it is expensive to produce accu-
rately curved mirror surf:

s, and the re-
quired heat lmﬂsﬁt‘)ﬂ ystem Enld!ls sub-
Less loss, would result if,”
using ess lly flal mirror *ﬂ:grm:ﬂlg,
we could have a single parabola with an
aperture uf about 4 square ml!g (?.ﬁ

glass by slowly cooling ;gunlinugus-
sheet af' mﬂilgn glahs while ﬂuaiing il on

slcer
in Fig. 5 .
constitules what might.be dcsx.an;l as a
tracking Fresnel reflector.

“In d!scussmns of the solar tower con- *
cept, the question of the “best’ size §
lcm dlw.lys arises. ThE correct answer 1o

tions rmuh: or n:ﬁLurt:mLﬂls II‘ﬂPDSEd at

“the onset. For example, one rimy assume

of aber-
ors fixed at
a standgrd

focusing oplics with the {
rations and ulher oplical &
some desfen value, Typically

deviation luf 0.166° or 3 milliradians cin

be achieved al moderate cost (the solar
disk subtends about 10 milliradis ns). For
sugh'a system the concentrition is fixed
by the rim angle of the collector and the
geometry of the receiver and-wfll not be
affected by scale. Thus I '
“hest”

to Lhnu%; the

\y\u: :
A .lcil'y of 30 1o 100 megawalts
(electric) al a single site is probably as *
small as the utilities would like te consid-
er mlgg‘umg into the grid because of
izalion, swilching, .,md dis-
ng thlkm‘\ One c.an generate

ing energy fmm a field with an

. -.qu.m. mile collected t;uhcr aptmd.ﬂy (su—

.x' . ?

o

'syslkm b.ssr:d on o
W s
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L1

L

T2 ﬂ'gﬁ'i ihe allowed se

" equil to the 6-migter-diz
_ nomical helios
. rors cun be-usé

,Eﬂ
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) d!‘f:d becoming apprecmbly mgre expen:
‘sive in the. 400-meter range. Bfluw 200
mtgawauss‘gleclng) the. tower cost, does

not- sigmificantly affect the argumenl In |
the. ﬂmge from 10 10 200 fiegaw:
(Elﬂﬂﬂc) smmble steam turbine gepera-

d o-eleckric ‘con:

iencies favor the Jarger .
£ cgawall (electric) generator |
: wuuld cost’ dp\gruxn 1ately SBODg&iﬁnlu-
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The Design nﬁ(h’ eliostat Field , - .

Because: the ‘heliostit &ﬁ'ﬂ‘mmpnges .
about 50 percent of the total cost of
commercial solar tower s 5
. For the 10-me
pllm plant there would be

gly

. 2000 heliostats, and for a l()()-mv,gmmn
l(LlLLl!’lL) dl:m nstration pI%m! about

20,000 helivstats., '] ht; fuur dtﬁléﬂ teams
05t t:t‘u; E

have”— n are; uf .Abuul

duction and ensy insls
. The heliostats mual b
i way as to avmd excessive shading of.
one-another or plﬂgklng of the reflected .
radiation in the"daily and yearly opera-
mm Dem! d gumpuier dn";ly%ls has

ritio of reﬁeuur aren
5 :b. vargmg frag (L4 10 (LI

o !;‘md a

tower the he

hmis mual b::_}par‘sley dls-
tributed m prevent

ing uf th re-

s dre mdlwdlmlly SErva- -
Lummllcd by a gluscd lDﬂp sensor, ﬁ;t,d- -

“receiver d“ dd}‘

A computer uvcrndt mlll.m:s upcm- Sy

imn cugh rnurnmg. ,md stow (shmduwu)

Ih; LVLI“ uf a brlef clobid” lﬁh:rruplmn
ini '.m,s . rapid scram- (shuldnwn) ITIL
in-case of coolunt or boiler failure, of

:Cls the hclmsl,ns to a safe origntation
clement wculher’ .

at in a vertical P(l'sl‘lﬂn) can
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loading and. if the helivstats are fucing
downwind, can alleviate damage from
blowing sand. A hurizontal stow redu‘.u
ificutions for surviving
s o partally or totally
stow redudes the accumulation

“of dust. The heliostats are designed 1o
“ grithstand wind gusts (o 170 kilometers
- per hpbir in horjzontal stow. The pussible

;rtqu‘ir.ém 1w of an inverted s1ow is sfill
. tind 1-;&:ludy apd could udd approximite-
10 1o 45 percent to the energh costs
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The Heliostat -
mules 4 Puii'llil'ux;l,!s_ﬁ;n';lﬁ-__
réct-beam -mdiation
~odry’ uspally diist-

*Fig. 1
from total héimispheric insolaion (/7)
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Annil average ditest-nonmab insolation On kilowatt-hours pet an.ug lm.h.r boestifinated

CTEHREN S X
tensily whcn lhc. sun i hl;s.h m crht xd in .

*ter

clear duys is 950 WAlLS Per syUire ni
perpendicular to the
This i to be !;U‘L“Pi!l'g‘d 1o wbout 135 kilo-
\'s‘ut(‘s pbr syuwire mcter above the atmo-
sphere’ ‘ B
’*L‘Ring El \:Iz::

i surf

¥ uir insclation ’mnu:l for

wulh sl&mu Hl]UIIILl hg:,llllh
availuble: These caleulativns aecolnt for
optical -and thermal lusses for a 100-
megaw atl (eleetric) generating plunt with
6 Hours of torage. While shuding of he-
) ing ol the reflected -

liositssind blogh
. losses ¢an be

on s decounted i

Iupl negligible tor sular le\nl“\”l'ﬁ gredl-
erthun abont 25 by civeful field Livout.
Tectivity s assumed to b

0491 und the
Dust Fosies (3 percent) and risdition and

receiver absorplivity .95,

convection losses (7 percent of the peak
vilue ¥ are also accudnted  lor | he
< amanfil of energy wansmitted inte the
cworking Anid varies with solas ;Iu.mnn
from 2 3 to about 12 of the pnnlml Tof %
the sali infensiti* and the wtal arca of
the murrors
*

The Receiver

T he receiver subsystem nigst be able
o effectively Tintereept the sunlight re-
flected Imm the heliostat field and ab-

The heat must be trins-,

L]
1o the receiver coolnt al the de- 4 4.

sarb it as heat.
té&r

® wired wemperature with |11ii1|i]1;£|f|t}§i; due

1o reradintion and convection. For i 100-

micgaw alt (electrigiepmmercial receiver
we e du[crlninﬁ}\g,bthul these reguire-
ments can_ be met Bfectively by, o %y -
lindrical receiver 17 mieters in di‘?ﬁ‘n;‘]gr
and 235 meters Gl supported 3308
M meters above the hcl‘jm' i il !
outside eyhindrical | will” forms the uab-
ich 1= mide of 24
2. meters wide,
e eiwch panel
1700 Ineoloy ;R00 v
i citside dinmieter

sarbing surface., \I

wlentical punels &
[
Fir-
switk ‘he  cumpose
tbes 13 nmillim
connected to heades v manifolds at the
The wutef will be Trans-

Wowaleg-steam

top and bottom.
formed 1o siperh d sleui in i %IH}_,]L‘
piss theough the receer. The
prcheated  coolant through qkuh p.nm.l
will be independently sonirolled to com-
ations in incdent flox o

fow of

Apcnmlc for vi

Consequenthy, the antput frpm all panels
can be combined into g simgle Jdown-
comer. With oormiad  design and n-
©n -
3
s N
R -
o [
W
oy
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the heat loss uf* this cncf"'

s b -én mu" and S30°C, At this peik
!unpu.uurc a perfect blugkhud} in e
diate only about 258 Ii.llu\'nlll\ er syifre
meler, dnlj Ll)ﬂV\‘:L“\\n hl\‘\g\ CViin ln il

strong wind

for @ maxifmum loss of less than 40 Kilo-
wills per squ meser. For the steam
system the receiver flux will be reduced
by & maltipaint aim strategy in the pilot
plant to about 100 kilowuls por square
meter (600 in the co ¢l dun;n) In
cich case the v

less) is about alue, so
that the respective reteiver [o¥es are
pee

about 12 and & pereent,
The higher receiver temperaturés Ry
drin o receiver cooled with liguid so-
diim we have considered might double
the thermul loss per square meter. but,
since fluxes of up to 2 niggivatts per
syguire meter can be ole

Jvely.,

rited, u smiller
recetver can be used so thai the per:
centage Toss would, in fuct, be less,

A variety of cavity designs ure under
study as alternatives to the external re-
veiver we deseribe here. These include
wbe type. mulliple-piss,
builers: ‘open-cyele air or osed-Cyele
helium ceramic tube -or honeycomb sur-
faces: and cavities incorporating direct
absorption in a molten salt Howing over
the inner wull of the casity . Although the
cavities are Tikdly to provide lower ther-

waler-steam

"l fosses. we prefer-the external design

Baasic reusons, (i) 1 has o
eptance angle and o has lesi|
on the design ol the heliostat
sEeost ifem in the entire
Vit apertire,

for five
wide v

thicnee
ticld. the Large
system. The urea of the
which radiates ax a blackbody. must be
kept small to retain any udvantage. The
gecepiunce cone halt angle. o, is there-
fuie restricted to ubout 607 beciuse the
required radius of the aperture js (R
’ R is the radius of the ex-
treme beam. (i) The cavity must be sip-
ported and insulated on'its exterior sor-
lace. This exierior structure is substan-
tially more massive than the interior sup-
port sumetire of the external receIver.
i Any one of the 24 modualar panels of
the external receiver can be replaced
w he the wiavily
have to be serviced and repared i sity.
Ov) 1 s sy 1o design minimad con-
straimt supports and structures for the
e¥terior geceinver panels, the
added complesiy of the cavity boiler de-

wunild

i5

wherens

Stens for the steam system temds to con-
“utriun the tubing,

leadmg 1o exeessive
the (3 The hghtweight

companents of the estermal receiver can

Tl =iresses

]

are only about half as greae,”

a

“solution due to clouds and ulhcr ad

B o \

more readily follow Ih; le‘lulmlfﬁ inin-

weather condit

The Tower

For a 100-megawan (2
our anal
cull.:ctur ficld geom

¢a hL’ld uf hL‘llusl.us \th an arei of
square kilometers, To support the
ruble weight of the receiver and
s steel support structure as wellas the
ermal transport system, we have cho-
san. a tapered eylindricalsshell, slip-cast
cgnerete structure. Inasmuch us  this
stfucture is designed 1o sugvive probable
seismic disturbances in the West, it is
sufficiently rigid 1w restrain swidy of the
receiver 1o less than 0.3 meter in winds
vecurring while the heliostats are oper-
ating. Sites dear major seismic fuults
avaided Hecawse of the uc-
g increast in the costs of the
tower and heliosial supports, For most
of the southwestern _United States we
have used i tower cost of $8 million.

Storage

Opponents of soliar power insist that
th Ftower concept shotld provide
Feliable power on cloudy days and also
meet the nighttime  haseloud requirey
ments, Wc hclicvc iﬁ;n Emh of lht:sc re-

Fig. 4. Divurnal power

Tul 1ht flL

il
hL'L!.

,.g' tRITIRY

HIH
seith 6

of 9 pervent for reflec
lanece, 5 péreent fur RN
absofplivity, S per-
cent avergd for dust,
and 12 megawitts for-
combined convection
and reradianion at the
lempers- <
fiire af “l“( {1 iy
effective mirtor ili; A4n-
eler; A angnlar San-
dard deviinon of the
reflecied hight die 1o

sis of the most c;ushclfm;!iw;"

the c.ulv slages uf LL‘VL‘klmenl Be-
seatise thermal storagé Tor cloudy days
would be used only ‘oecasionally. the

cost per eyele would be prohibitive. Al-
though the storage fem to provide for
‘wverpight operation would be used every
day. the baseload lmpl sation iy’ the least
competitive first use of silar energy - The
el valne of baseltad electrical pow-
r s .lhnul half that of Isud-tollowing
puwer, that'is, Fpwer that is gencrated 1o
meet |nh:rmlut;nt hlgh dmmnds s

H 2— o 4:huux dél;g} ¥ therefure,
most atiractive first application is u plant
designed for load-following with storage
for 4 16 6 hours of operatjon 1o provide
stghle operation und 1o better mateh the
served utility [oid, A gas turbine plant
h a-low capital okt and o relatively

I ate |
the rare cloudy days wh;n vle
miand is high. St

The amount of thermal storageinda
porated in the-current desjgn'effort is suf+:
ficient to opcrate the wrbogencrator for
about 6 hours. This will permit penes
tration of the intermediate-to-pesik-load
utility market which usually occurs ih
the evening, Capacity credlit will accrue
to such u plant, and the storage will pro-
vide a cost-effective way of handling so-
lur insolution vs in summer and
winter, Inthe winter, a plant may be i
the on-line. standby mode in the morn
ings so that the storage can be fully
charged for evening operation, whereis
. v

heliostal imperfee-
twns,  kir receiver

diiimneier

R=134
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in the summer there is sufficient daily en-
ergy 1o run at capacity all day and siill
charge the storage unit so that the ‘eve-
ning market can alse be suppln:d

In an-alternate mode of opers

- »il fuels would be used when solar ener-
gy is not available, especi lly on Lluudy
days. Fossil'foels could also be used in
the evening market. but some form of
thermal storage is still required 1o'ensure

plant _wiih,

plunt stubility. Such a sola

muh, dnlugy fur
:dit for the solar

Y xi'l;.\g.,lnp HrS -ﬁl
eslim: 115”15 [ lp4L|!} [

- comptinent when fossil fuel is used in re-

A

< suitable- du:p geological formations into
which high- lemperature fluids cun be
pumped. The requirement is a porous
formation where leakage o the outside
« would be minimal, such as abandoned oil
Porous rock is a relatwvely good
ider a suffi-

wells.
thermal insulator. If we co

ciently large unit, the fractional loss per’
urfac; to-vol- -

diy 15 smiall because the
ume rifio hcgumt. small. Caleulatiop
shows that geothermal storage for a 100-

megawatt (electric) tower would require
months to charge and then could™

about 2
be gd eyelically each day to provide
luild-fﬁ[ft‘l{%ﬁig capacity (8). Because the
extiuction is regenerative, injection and
- withdrawal temperatures could be very
nearly equad and quite high. If, however,

we should encounter difficulty in in-

jecting or producing fluids at sufficiently
high temperatures for power production,
large quantities of process heat at 1530°C
and stbove are in demand and such geo-
thermally stored heat can be harnessed
10 service those process needs,

Another upproach o storage. whlgh
“we believe deserves further emph
chemical bond storage, with mo
" h 1v|ng Eund strengths of several electron
I~ per mulLullL. An obvious example
,lulml)s]s of water into hydrogen
oxygen. This mc_lhn;i' is under inves-

tles

v hg tion for photovoltaic cells and wind

Q

ERIC
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Cengrgy systems but it is not the leading

cadidate if a thermal eycle is involved,

becatise about /3 of the

:rgy will be

wiasted in the thermodynamic cycle un- -

less, perhips, viable fuel cells are devel-

coped. The storage battery constilutes an-
other form of:chemical bond storuge

which is currenily under intense study as

Belectrie storuge for photovoltaic cells.

Hutteries provide more compact’storage
thian hiydrogen gas and are well suited for
individual tise. such as in an electrie car.,

ion fos-.

arage.is The use of

“would allow storage of more er

Table 1. The 1977 cost estimates for a mass-
‘produced 100-megawatt (electric) solar tower
‘plsmt AR
. Subsystem”
i
Generator plant e
Energy stor au'r’s)
Installed heliostafSbsis
($80 per square meter)
Receiver, ower, and piping
Spares. land and yard

“Total system; $17080
15 percent . '

The Ll;[lmms have under du elopment
4"5{ clogedzcycle, dcmmpusnmn recombi-
nation chemical reaction in which meth-
ane and wiler react to form-~hydrogen
and carbon monoxide [the process bears
the acronym EVA-ADAM (9); the hy-
drogen- gcnemlmg reactor is called EVA
(Einzelsphalirorve nsu:.hmnldy:) and
the back reactor is called ADAM as the
male to EVA|. This reaction is 1o be
oupled thigh-temperature, nuckear gas
tors to deliver heat at a substantial
ince. Caleulations indicate that more
i be delivered by this system than
srmodynamic-to-clectric

e
r
d
heat ¢
through a
cycle, and transmission costs are less
than for electricity. This cycle cun possi-

bly be developed for use with the solar

tower, but techniques for b ng the
catalysts (removing the reactants shile
maintaining the catalyst bed at aperating
temperature) during sunless hours must
lhc g‘ﬁ(:s‘ in;

hc sludi&d Mnrcuvt':r

storuge 15 the slmul;uiun of fossil f’uclﬁ,
One would like to use solar heat to de-
compose i liquid compound inta <everal
nlhcr liquidﬁ rhm can hr: \lurcd or twans-

_llhcml!un u! hc.n,,ég, Tht liguid-liquid
reaction would offer ease of handling and
gy ina

given volume than either o chemical
cycle involving pus reactunts or a sen-
sible heat storage system. The leat gen-
erated in the reaction can be u-ed in
home heating and cooling and. iU it s of
sufficient quality, in the production of
clectricity. 1f we consider the reaction
between ammonia (NH, ), waler,
fur trioxide (50),),

NH, + H.O + 56,

ad sul-

-e NHLHEO, -

o
constderable heat 15 generited s the e
action processes exotherimealls oo the
right without v catabvst at wnipeistoares
Up to SOUPC (M The chepncads 5o
uid at near room temperature aud oo

. R=35 Yorr
- ! o =

uh;%ul 117

sure (NH, requires some overpressure
uand S0, requires some heating to avoid
solidification), The chemicals are cheap

fmd .lbund;ml nml'lhc density of energy

ageis thUt 800 idcalories per liter:
‘hdl uf gmulmc or 10 10 20
PsLnslhlL ‘heat stores,

£-of the chemicals would re-

© guire | h_c;lhum illy uctivated decomposi-

tion of the ammonium hydrogen sulfute
(NH,HS0,) into the compounds on the-
left in Eq. | and then sep: n. This

back-resction and = ion have becn
carried out and at temperatires allain-
able with the solar tower (/0). Basically,
there is a temperature for chemical
system above which dissociation and ab-
sorption of energy océurs and below
which the chemicals recombine with the
release of energy, Such synthetic fuels

“ean be readily mlggmkd into our tech-

nological slru(.lun.‘ dl‘i[‘)]dklnb fossil
fuels and bypa ; flicient elec-
rical genkration LyLlL in m.my CiseY.
The development of niethods for stor-
age of sufficient cnergy W operaie
through several sunless days, or of a vi-
able backup will probubly be slow in
coming, but, once such storage systéms
hiwve been develaped. solar pl.mh in the |
Southwest supply a ifleant
amount of otir national energy require-
ments by electrical transmussion. The
high-voltage direci-current net from the
Northwest -to the Southwest (1600 ki-
lometers) is adeguaie demonstration that
power can be economically transmitted

Cin

over long distances. Therefore, it is pos- -
sible o traggmit power from Lubbock.
Texas. in the sun-rich Southwest, to De-
troit (1600 kilometers). !

Environmental Concersis
Far cconomie reasons, utilities have
recommiended the use of wet conling sys:
the pilot and demonstration
plants. aaling tower (Fig. 1) ix
~somewhal more expensive and operates
at i loss of a few points in‘plant efficien-
¢y, but dry cuuling nny he required ta
minimize impact in the
H ﬁrsl-ghmcc site for emplace-
Mith dry
vpeeted
cllect,

lems If
The dry

desert,
ment of the solar tower plants
canling towers, solar plants aft
a mininul civironmental

to have
In contrast to fossil-fired planty, the in-
crease in global heat from a solar plant is
effect since the system s

i seconl-orde
simply converting incoming ridiatipn (o
useful mechanical enerpy before i = nlti-
Vet by dhe o

compares fves

ey sleposited as lectrie

utility

with

thirt oo et Yo 4 ansis of thermad cne
v K :

Ihis figure by

comventional  tosdil-fired sy stems



Q

E

Aruitoxt provided by Eic:

RIC

- for a contract to be

“sign and cunstr*m

’urh.mtmn beyond sunset (ll)

£

- opmén

line by the yeur

gy (waste heat) into the -biosphere for

eiach nseful unit of energy utilized. In
fuct, continued, dependence on nonsolar
energy might eventually require the re-
flectiance of sunlight back out into space

“to preserve the heat hislunce of the carth,

Economies

*Fhere are no technical barriers to the
development of power with heliostats,
The technology is-available and plins
w.rincn v?iih :m Lngl‘

ncering firm this/year to initia

v of i1 ﬁr'sl 39 s[cmi
pensive. Cost esti-

although. it wilFbe ¢

mates for the first-of-akind 10-megawatt’

(electeic) pilot plant, scheduled to. be
completed in 1980, are in the runge of
7,500 10 310,000 per Llhmgul of in-
stalled electrieal cupacity, including pro-
visions for thermal storage for & hours of
No dra-

sary to reduce this prototype cost by i
fuctor of 5 1o bring it into a mngg com-
ble to the $1000 .
tric) currently required fur [hk constric-
tion dl‘ldfm:hng uf nugle.nr pllmts

pla tsi
tric). ln .iddumn specific
tion approaches _have bec

iss-produc-

dedicated  heliostyt  production
ility. One such production Facility
would préduce heliostats for ten 100-
megawatt {electric) plants cach yeor. Ifa
facility sized 1o produce only one plant
per year ‘'were built in 1985, a second in
988, and an’additional full-size prodic-
tion fucility were built cuch year from
1990 1o 2000, about 40 gigawatts (elecy
tric) of «nstalled capacity could be on-
2000, This capacity is
cnough to mLu the anticipated require-
ment for new intermed lectrical load
for the entire Southwest and would re-
quire a land areu of about 1400 square ki
lometers (550 sguare  miles). Devel-
( of economic storage could ex-
pand this market manyfold.
Assuming at le:
capacity 15 construcied each veur in un
integrated and dedicated plant with a 30-
year lite, the midpoint cost of installed
heliostais in 1975 dollars is $66 per
squire meter. Under the same assump-
tions,"the ol capital cost-of a plant is
‘i 1977 dollars, in Table 1. The

piven,

1700 per Kilowatt (electric) includes 6 -

hours of thermal storage (/7).

- foe L0 . .
R \q T, R

-

identified"

which are likely 1o Tead to the required-
- costrreduction for an integrated large- |
#Fscile,

t 785 megawatts of

C8sET i
ERHNALS N AN

ity T

o

i
|

o Vaftulal eg wtetl i boed
Fig.'5. Projected heliostal costs 11975 dollars),
Mass-production learning would lower the av-
eruge cusl of S’h‘) pur square meter upc.ugd

ercial .,mphg.umn after

squurg_mu 1
ad been produced.-This

about 1 million unirs

figure n,ﬂu.ls pmju.lr:d cust reduclmns for @

uﬁpruv ments of elio:
upu.muﬂ and ulhcr actors. On the log-log
scale, the upper ers to the average val-
ue f’nr all production to date, whereas the low-
er curve gives the cost projected for a s
unit, which approaches $50 per \qu.sre meler
by the end of, the production fun of 25 o 30
years. (To convert to 1977 dollars rnuluply by
1.20.)

" Once production of  100-megawatt
(electrie) units begins, costs would begin

T
" to drop as a result of learning curve eff

fects. As an example, production of the
first 10,000 Model T Fords resulted in an
average gost.in constant 1958 dollars, of

‘about 34000 for the cars produced in

1909, C‘nnnnLLd cost lmprDVEmenI -0g-
LlllTLd in the manufacture of essentially
car until 1927, at which time 14
had been produced. The
cost for the last units of the production
run was about $850 per unit (/3). On the
basis of this type of cost-reduction pro-
gram, a reduction of 10 to 15 percent in
the unit cost, should be possible each
time the total number of units produced
is doubled until the bulk material costs
predominate, and even then design re-
finements and new materials ean further
reduct costs. In Figi’ we show the an-
ticipated learning curve for heliostats,
where the upper curve represents the av-
erage cumulative cost for the entire pro-
duction run and the lower curve is the
unit” production cost. Here %269 per
square meter is the cost of the pilot plant
and $66 per square meter is the average
cost of heliostuts produced by the plant
afier construction of approximately 20
gigawiltts of capacity (1973 dollars).
Such acostimprovement permits us (e
put capital costs into perspective. A 10)-
megwatt (electric) pilot plant is esti-
malted at S10000 per kilowati (¢l
whereas o first demonstration
25K per kilowatt (elec-

uF less,
plant may cost
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tric). To produce uni

i) -

selling .in the
runge of $1700 per kilgwartt (electric) re-
quires thut average. heliostat- costs, in
1977 dollars, hg reduced 1o about 380 per
squaré, meter,” which nmy require pro-
duction of 5 million heliostats. In such a
production run; the second million he-
liostats would already mecet the cost re-
quirements, having an average produe-
tion cost of about $78 per squure meter,
whereas the firstsmillion would have an
average cost of about $100 per square
meter. Thus, the excess cost of the first
millian heliostats? each about 40 square
melers in i nd having un excess cost
of $20 per squure meter, is about $800
million. Compured to the expected cost
of vil imgerts for 1977.of $40 billion . this
is truly a_small differential, which in-
cidentally, will be puid back by even
lower heliostat costs for the last 3 million
helivstats produced in our h}[‘)lﬂh;HLdl
run of 5 million.

Since the cost of the heliostats iy ap-
proximately half of the total cost of the
commercial plant, less than %2 billion in-
vestment (subsidy) is required to stimu-
late a new technology that will integrate
‘into the present utility structure. This
amount should be compared to nuclear
energy investments, recent space ven-
tures, annual deficit of payments, 1976
oil import costs of $35'billion, and future
escalation of oil costs,

I i5 sufficient unused desert land
available in the United States to meet all
of our’energy, neceds by means of solar
tower plants; nin option not likely to be
exercised, Fncr . production by solar
towers would hitve an efficie ncy factor
" for land usage which would compare fal
vorably with lhgu of uny renewable sys-
tem prcscntly under um'sldcmtmn SAl Y
cost of $2000 per acre ($4900 per. hec-
Aared, the land cost for a 100-megawalt
(electric) plant is only $17 per kilowatt
{clectric). - .

Another indirect economie eriterion is
the energy wdmplification fuctor (EAF),
defined as the useful energy produced
over the useful life of a deviee divided by
lhc mpiml energy required to create the
. Table 2 records an estimate of
th: cn,c.rg'y required o produce materi-
als, including transportation energy in
manufacture and delivery, for the ther-
mal componeni of u solar tower con-
centrator, Because this energy may have
1o be processed through o thermedynam-
ic cycle with an efficiency of about 173,
the collection time translutes ta less thag
byear. With the addition of the cnergy
cusly Im fubrication, construction, und
we cxpect the

Neals expenses,
I required energy figure to be equivia-

" lent to less than 1.5 years, giving an EAF
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Tablg 2. Maierial and lfanspnrlalmn encrgy n:qmrgmenl; for a lOD—mEgawau {electric) com-

mermal solar mw;r sysl:m (i’ahm;.mun aml construclion ener

f
Part Material
(12, 1%)
S!e' |
28,608 heliostats, nerete
(each 10.4 5 ’ *
square meters) Polyurethane
: . ’ : Motors (copper)
Recaiver “Incoloy-800 :ind
structural steel
Riserand- - Steel
downcomer '
Tow Cﬂ&is
wer | - Steel ™.
5 ted trans-
portation costs (/5)

. Total

of approximately 20 for a useful life of 30
years, This estimate can be compared (o

estimates for nuclear plants described in

ERDA 76-1, where the EAF of a nuclear
‘plant is t‘\tlmélEd as (14). lnudcnld"y.
the duty factor of the nuclear plant is tak-
en realistically as 0.61, only 50 Rgrcent
above the 0.41 expected for the solar
plant_ with 6 hours of storage dl’iEUSSEd
here,

" There still remai
disposing of r

s the energy cost of
ive wastes and of

+ shutting down a reactor after its useful

life and -safely disposing of the radio-
active debris, whereas the steel used in
heliostats can be reprocessed. The EAF’
factor clearly indicates a constraint

-, which must be considered when deciding

Id either nuclear or solar piants if
the total fossil fuel requirements of the
country are to be reduced over the next
25 years_rather than expanded. The
question .of long-term economics re-
quires the consideration not only of pres-

- ent dollars and capital development but

“stand the economics

- also of long-térm commitments to ensure

both the availability of reliable scurgés
of energy and’ Ihe przservslmn of the er
Vll‘Dl‘ll’l’lEl‘ll

The quantity of materials rgqunred in
the solar tower design helps us to under-
of solar energy
(Table 2). The heliostat cost of $66 per
square meter appears reasonable if the

' cost of construction approximates $1 per

pound or $2.25 per kilogram (for metal
and glass). This represents an achievable
goal, particuldrly if we realize that one
can buy domestic pickup trucks in this
country that sell for a little less than 5t
per pound, and that a‘iruck is a far more
complex unit than a heliostat.

The cost of intermediaté (load-follow-

y not

clided).

‘Weight
(metric’ ola
tons)
(2.15) (lhérmal)] mal
' 23 084 !44&!55(!8) .
13,959 45,196 (16)
69,224 - 22.012(18)
100,003 - 4.291
257, 715
n2 B 152
© 1,127 7.655
82 1,135
41.757 13,517
1.266 7.899
70 210
15 45

ing) power produced with the tower con-
cept is estimated in the range of 80 mils
per kilowatt-hour, based on a capital
cost of $1700 per Kilowitt {electric) and
operating costs. We believe this cost is
competitive. A charge of 30 percent was
used for development of capital (the con-
struction period is assumed to be 3

i ymrs) and the construction costs were

ns of a linearized fixed
fee of 16 pcrtr:m per.year. Leaming
curve experience will lead to still lower
capital costs for later production. The es-
calation of fuel costs will have no first-
order effect upon constructed: solar
plants. oy i

Conclusions

The estimated capital cost per kilowatt-
hour of $1700 for solar tower plants is
compelitive with-other means of energy,
‘production, such as hot-water nuclear

reactors, including the complete fuel
cycle. With' 6 hours of thermal storage.

the capacity factor is better than 0.41
compared to realistic capacity factors of
0.61 for nuclear reactars. Production
costs seem reasonable. and there are no
critical shoriages of materials, Although
there wnll obviously be improvements in

down costs. no radical Ie:hmcal discov-
eries are needed to construct and operate
a solar energy plant. Once heliostats are
in mass production, solar plant construc-
tion periods of only a few years are antic-
ipated. The period for the construction

of the pilot plant including fina
estimated 4t less than 3 years.

Most cou 5 are in need of a long-
range economic and political plan in-

: . R=37

7. C M Randall, “United States reg

I design is

mitment wuuld redu;g the mveslmem

risk involved |n building the first. solar
tower facilities.. The greatest potential

utilities, but U8, regulat
forbid the utilities to iy :
nology until it is proven over a period of
time. Development of solar energy can
teduce U.S. oil imports as well as help
undeveloped countriés that have no-ex-
ports w offset the need for Jat:
stable energy*future demands that we ex-
amine ali the energy options available. ~
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Solar cells ﬁnd thelr nlche
in everyday hfe on Earth




If their ee.:t eentmues to dfﬂfl, we can ‘

one day have these speee—age energy
producers sprouting from our rooftops

4

The next time you buy a calculator, a wristwat,eh or -
even a new home, its électrical power source may be -
almost magical solar cells. These light-transforming-

' wafele of sxhenn generate eleetrlelty snlemly. usmg

mng to supply eleel;rlelty for eemmerelal and sgneul-
tural uses in remote areas far from power lines. Al-

though still in their infancy, it is increasingly likely

that solar cells will become the centerpiece of our solar

to provide low-cost electrical energy from rooftop solar
panels by the mid-1980s, a development with profound
implications regarding the utility industry and the

" nature of our neighborhoods and households.

Altheugh the besnc patents fgr sclar eells were estab-

: thenr manufaemre eame at Bell Laberatcries in 1954 _
Bell's appheatmns of one-meter solar arrays as voliage
amplifiers was a pioneering step. The cells bécame
more famlhar in the 19605, pmwdmg eemeel pawez '

very expenswe, but cost was not rlie pnmary concern, . -
With no other market, manufacturers had no incentive -

to lower the cost.
A few systems were established on Earth using cells
tha¥ had not met the requirements of the space pro-

. .gram, -but few cells desngned for- terresmal Ause were

predueed until 1973.

Wete‘r spurt.a intoan lrngaunﬂ Pem‘:l ina Nebraska
cornfield, left. The pump is powered by the rows
of solar cells at the right of the picture. Above,

- a technician checks batteries used for back-up power.
This row of batteries will store about six hours

of electricity; the pump does not run continuously.

R-39

electric | program and part of the answer to the energy |
crisis. Pioneers in this highly eephlstxeated field hope.

-0
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. Solar cells should not be confused with the solar
- collectors used 'to heat water and buildings and, by -
pmducmg steam, to generate electricity. Collectors
. convert sunlight into heat; solar cells convert it direct:
‘ly into ‘electricity,, Sunlight stiiking. the “cells frees '
'l el:ﬂmns, fm:mmg an electrical currént. A
" In spdce the sun is always shining, so there is no
prublem with: smnﬁg electricity.: O Earth, however,

the sun shines only half the time'in’ gag:d weather and - . V'ewed pardy ina truck mirror, an array of
15t be stored. for sun- . salar cells provides-electric power for'a mobile

“not at all in bad, so electricity i
l:ss periods. (Wind-powered electri systeins hive the’ - o
 same pmbl,,,,% eléctricity must be xal'ored far umes - - :
when there is no wind.) Curreny" : :
lead-acid storage batteries, mﬁi}:r tb r.has: used in  over to the conventional source. ('Th|§ way, the house
‘automaobiles. A day's: electnt:ng ’anﬁ average single-  can feed sny ‘surplus it produces back into the grid
* family house can be stored in bxt ] i: u-:f:upymg the  system as well; this is already happening with some
space of a closet; a row of such
. ment smn: pwer for sunless

be used in power fails in a storm or blackout.
fiouse systemns, Large central systems generating eler:mcﬂk wit
‘Two thousand  solar cells or windmills can store power in udjﬁkways

h@mé; wmilﬂ req ! by gespaceasa  One is to pump water up to a reservoir during periods
"million«gallon wager t, \ sightin  of low demand, then let it run downhill through tur-
many communitiefty & : bine generators when demand is high. Another is ta

extract hydrogen frem water by electrolysis during
low demand, then run gas turbines with the hydrogen
during peak demand. Still another way is to use st

as mamentum
Confident that storage. pmblems will be sulved.aman—

ufsc;urers are concentrating on making better and

cheaper cells. The cells are extremely thin (12 thou-

being devﬂtéd to ‘bl
- other than lead-acid

. made of silicon, the second most abundant element in
- the Earth’s crust. But they can be made from other ma-
.+ terials; two companies are about to produce cells made
“t of cac_lm;um sulfide. The largest cells made today are

48

wind systems.) And diesel generators can be used, just
as they are now in hmpltals and homes whzn t:h:"

plus power to spin huge flywheels, smnng the gnefg-y S

sandths of an inch). At present all commercial cells are -




' . " Army telephone system. The Arimy,js explorin

- other possibilities at Fort Belvoir,

four mchea in diameter, They are wired together in
panels of dozens or hundreds.

'I'he autput of solar_cells is often gwen in “peak

ol power pmduced in full sunlight
degrees A four-inch f.ell can provide \shghtly

“the eﬁgency of silicon cells,

. For many readers. a more relevant term may be “av-
' The peak watt is what we get’ in ideal

: erage wattage."
conditions; the average watt is what we get at any time,
- assuming adequate power storage. Over'a year, we may

ratio of Penk to average is about five to one, a little less
in Arizona, a little more in Minnesota.

TRe average single-family residence (a four-person,
1,500-square-foot, non-airconditioned house) uses
about 700 kilowatt hours a month, the equivalent of
a nn&kl!ﬁwatt generator running continuously. Be-

_cause this average house needs one kilowatt of average
power, it requires five kilowatts of peak power. This,
in turn, would require about 500 square feet of solar

“tions. The Energ'y Research and Develnpment Admm

¥ e ‘R-41
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more than one peak watt at noon on a sunny dayinan
area such as Phoenix. Higher témperatures dea‘ease .

average four to six hours of sunlight a day. Thus the

- cells at present efficiency levels under optimum condi- .

istration (ERD
irequired ina rmrthem area such as Basmn .
In the last four years the price has dmpped from
'$500 to $13.50 per peak watt. The cells are already cost-
effective in remote areas, places where expensive
heavy-duty batteries would otherwise have to be main-
tained and dlscarded regillarly foshnre ml platfunns,

Pla(;es where salar cells are now rgutmely used -
Most observers agree that the price will bave to drop

“to a dollar or 50 cents per peak watt before solar cells B
. on rooftops will be campemwe wu:h carivemmnal cen-

tral power plants.

| The VETY recent eniry into the marke:place by solar
tells has produced a considerable gap in public under-
:standmg Indeed, since 1974 the industry has advanced

. /su rap;dly that ERDA is reevaliating its programs.

| Hefiry Marvin, director of the Solar Energy Division,
‘has assumed managemem of the solar cell or * “photo-
"voltaic" program. “The program was not keepu;g up

with the technology,” Marvin says. “ERDA was no

* | ‘longer pushmg mdustry It was no longer in h‘gm

The'pricg ﬁfpuriiy

The very high cost of ultrapure semiconductor_sili-
con has been a barrier to lowering the cost. cf

cells. Metallurgical-grade silicon has a punty
as 99.5 percent, and it costs 10 to 20 cents per: Pound
roughly the same cost as steel. T he semiconductor-
-grade silicon, used in solar cells, however, has a purity

.

- of 99.99999 percem and costs $10 to $20 a pound. - '

Microminiaturized circuitry demands this kind of
puncy. but it adds a great cgst burden to salar cell
: appmx;mately $3.50 is for hmgh-grade s:hccm

Over the last three-years, ERDA has chosen to con-
centrate on lowering the cost of the single-crystal
process, in which each cell is sliced from a-large, very '
pure, man-made silicon -crystal. ERDA formerly be-
lieved that pglycrystalh, e;silicon, a cheaper, multiple-

- crystal form with lower purity levels, would have very

low efficiencies. (Efficiency here means the percentage
of gnergy in sunlight striking the cell that is converted
into electricity. Present Eﬁcxem:y of single-crystal cells
is 10 to 14 percent.) »

.Although many industry experts as recently as 1973
concluded that polycrystalline solar cells with a 10 per-
cent efficiency could not be developed . dntil at least
1983, two companies developed such cellsﬁndep&nd= _
entlyin 1975, '

Technology is changmg faster than almost anyone
realizes. In 1975, experts maintained that so much en-
ergy was required to make solar cells, they would not
generate enough energy to p'ay ‘biack the initial ex-

49
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 Solar cells come down to Earth

\'f

—ved —

penditure within their 20-year lifetime. Yet a 1977 re-

o .
port done for the federal government on an actual

production process not only found that the payback
period was between four and six Years, but went on to

.advocate the establishment of a splar breeder. A com-

pany could produce cells, put them on the roof, and
use the electricity to make more cells. With slight re.
finements, many believe the payback period can be -

“less than two years.

These rapid technological developments have the
industry straining to transform technical develnp-A
ments into production: -line processes. As one observer -
asked, “What good is a polycrystalline cell if it is not

~ mass-produced and marketed?” Limited markets are

delaying this step. A rapldly expanding market would
* permit manufacturers to invest the capital to automate
- their machinery and reduce prices.

It is unlikely that the market will « Dpt‘n up very rap
idly by itself. There are already thousands of locations
where solar cells can be used emnomlcally, but the
newness of the industry means every pntentxal cus-
tomer has to be educated anew. :

Another marketing problem is the remate locations
of existing sWar-cell arrays. They grace the Arctic,

Antarctic mountain peaks.and north African deserts.

No one sees them. One manufacturer laments, “The
_ first national exposure for solar cells occurred when
we installed some on a toilet faclhty in Yellciwstcme
National Park.” .

Even in areas where solar cells are currently ecanom-
ical, their high initial cost makes local agencies hesi-

- tate. Few are experienced at mns;dermg costs over the

R-42
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7 lﬂéiim‘eai a system, a method of evaluation in which
solar cells can be competitive. Many précurement. offi-
cers appear to préfer to wait for a lower purchase price. -

With the need to stimulate the market in mind,

- ERDA began direct purchasmg of solar cells in 1975.

It will purchase'solar arrays capable of: pfadut:mg 160
to 200 hlnwa;[s in 1977 and plans to buy more in fiscal
1978. Dick Weingarner of Optical Coating La'bgra—

tories, Inc., sums up the general Eeelmg of mannfac- ,

turers by saying, “It is good to seé ERDA involved in

tiﬁcd military potential‘applications for solar cells a3
many times greater than current annual production.
But’the Defense Department has yet to bé convinced

Lhat salar cells are superior to traditional diesel gen- ’

erators and battery systems, -

Ind976 ie ERDA photovoltaic. budge; (about $59.4
million) was many times the total sales of terrestrial

solar cells (about $7 million last year). The agency

. bought 20 percent of the mdustry s'output, spending
“the rest of the rg

ney for research and -development.

According to jr. Marvin, ERDA will purchase §10
million of photovpltaic equipment in 1978 and spend
another $30 million on: researc:h develapmem and

_overhead costs.

‘and.a French

' Rmsmg the maney

Congressmnal supponers have introduced legislation

to increase substantially the level of federal pur?

chases. The House approved a bill calling for a $39

. million, three-year procurement program beginning in
_1979 The Senate is. chscussmg a $98 million purchase

Unnl now, hawevc.r, the companies pmducmg ter-

. restrial solar cells have been relatively small. Big busi-
ness has been reluctant to enter the solar-cell market -

aggressively. Mobil, Exxon, Shell, Hughes Aircraft
 petroleum company do own solar-cell
nianufactaring or research companiés, but to date few
have been willing to invest the money needed to de-

velop theé market.

One of the most intriguing aspects of solar-cell

" ‘development is their potential for decentralization.
_The cells operate most efficiently where the electricity

is used. The farther they are from the consumer, the
cheaper they must be to be competitive. While rooftop

" solar cells can be competitive' with coal or nuclear
power plants when the cell cost drops to 50 cents to $1
per peak watt, central solar plants wnuld require a

prlrt: drop to 20 cents.

direct buying, but this kind of national program will - ‘
~_not bring the price down. Production levels need to. be o

" significantly higher before pncﬁw:ll fall significantly.*.

For many, the Depanment of Defense is the logical :
agency to make major purchases. A recent study iden-.

‘In aremote Te:gas AE:M Ea:m ﬁeld. sglar cElls
power a trap used to sample insect pﬁpulagons .

. Except for multistory buildings, the average rmftap’
has enough space to provide all the power needs of the
building “with enough left over, say, to charge an elec-

- tric car,” noted Jerold Noel of Tyco Laboratories in

- Congress:

- 1974, Joseph Loferski of Brown University estimates

that in Rhode Island 20 percent of the rooftop space
could generate enough electricity to supply all of that
state’s needs

$5,000 to 55 000 in 1985. It will supply all energy re-

‘quirements except for a portion-of the space heating.

Is thxs the wave of the Iuture? No one kImWS but de-
' Dr. joseph Lmdmayer. Solarex Ct:xrpm*anii)ni told
“The'many letters we have received at Solar-
ex and the many audiences we've addressed have con-
vinced us that a major motivation for the -growing
popular support of solar energy is the fact that it can
be controlled by individuals and lacal_:ﬂmmumues
The utilities are studying solar- cell_s‘yst@gl in three -
actual operations lhraugh their reaeard%sﬁélauon
th:: Elec:mc Power Rﬁsgarch Insutute Dr Edward -

s;g.t;ms. but beht:vcs iemralued system; w1ll prove

" more reliable. *I have some serious pmblems with in-

dividual rooftop arrays. One of the principal problems .

is maintenance, I(lu t think the individital will want .
to accept Z'E‘)pﬂnﬁlblll[y for* his apparatus. We just
don't, operate like that, A pnsmble scenarjo may be for

. the utility v:gmp iny or other organization to buy and’

mﬁtall these on rcmfs :md lake care Df m*untenaﬁcr:



-equnpmgnt an be mstalled ona large Scale t'prices

. that are competitive with utility rates, a $30-year trend’

mw;‘\rd central power productjon would be reversed.

Paw is faumied that hecause of

ecoromies of seale. utiligy. Emnpamﬂs are ‘natural mo-
ngpohes and competition'should be rzplnceﬂ by nzgur ‘

,lauon to protect the public interest.’
When the price of solar cells falls below e:gh%dall‘ars

or five dollars per peak watt, they will begome moré
widely used. The Agency for Internationgl Develop-
ment and the World Bank have serlously e plored the

feasnblluy of using solar cells.in those villagps in devel-

oping countries where no electric grid system emat§
- Solar cells may become competitive for (h sa -applica.
tions within a )"Enr Thus’ the solar md;us ry-will b}

, bmldmg up experience in self-suffigient villa ge systems
in developing nations, before the price drop$ to where-_

they are applicable in our own villages.

" As th&price drops still further, solar cells will be-
come attractive for widespread use in industrialized
‘countries. At'50 cerits per peak watt the cost of elec-

tricity would be six to eight cents per kilowatt hour, |

- comparable to costs in many cities now.
As noted above, however, central systems would
-require a cost of -only 20 cents a peak watt, Whether

this level can be reached is a point of considerable dis-

agreement in the industry. Such a cost would translate
into two dollars-a square foot. No one is saying this
isn’t possible, but most agree that there must be some

lower limit to solar-cell cost, and ﬂnt decentralized
applf ations will come first. .

Aruitoxt provided by Eic:
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Some answers about solar cells may come from the
community college project riow under way in Blythe. .
¢, Arkansas, For the first timeé?ERDA has awarded
britract directly to a user, whichin turn has put to-
gether a technical team and is askmg for bids fmm
anufacturers. Integrated heat and’ phmovaltam s’ys '

-+ téms are being used. The Mississippi County Com-

mumty Collegg will be desngned to have a 250-kildwatt

lectors will facus the sunhght onte the solar cells, get-
ting more electricity from a given area of cell. Because
the concentrator ltself is Iess castly than the su]ar cell
low as, S‘} 50 to $6. per peak watt. The systernawgll also
test 2 new type of battery, expected to be cheglze’r and -
more efficient. e
The future of solar electricity looks bright, Cnnsta i
ering that the first solar cells for use oft Earth came off
' the production line in late 1973, the pace of develnp
ment is extraordinary. Whether the market can in-
crease rapu:lly enough to meet the price goals set forth - - .-
in ERDA's'natiogal plan is the most pressing question. -
Yet each year, 35D§| € price continues to drap and the
cost of conventional power continues to rise, these tiny *
“devices demand more attention in all of our future 4
energy planning: e : ’

#70
.

In another Army test, these salar cells. produce 11
kilowatts to power'a water purification system.
Other tests mvulve radio and radar power supplies.







v g : - ine the wood-processing industry as an energy reservoir. Waood at one

M - : o low hLdlmE vilue as compared ~to coal and oil if dmpnul from use.
RV Hnwucr "mising gas, oil, coaly-and di posal pricés have n.sufud i re-
o l'lLWL(i ll]t\_ rest ln \\IUULI A& gl 'llL‘l ’ ] . -

Each year, tremendous qlmntlllu of timber. are lmn;s?uj km,mss llh,
AR . country to be' processed imto lumber, pIyWUDd or pulp I\Lp.,.,
operations generate large volumes of wood anid bark ‘fesidues. afd

Use that:,,_tj‘ree © 7 some utilization “of these residues” has- hcltfn» accomplished , through

Lumpusllmn board, andsonre-
however, ure

. sreprocessing mhhpulp pulfp pmdmts
el timres fuel, Wastes from the IULLIHE ope

ations themselves
T e e e almost entirely nq;lulud u;\mp[ ful (il‘-‘pn\[l concerns, (1

able
the amount of unused forest lu.ulm annually availabte in the 118,
_ ) Woad wasfes’ g,uu;m[ul during the processing of [ogs into products
- . ‘ I . S can amount ta 1275 dry tdny (wuuht, alter, thnmugh drving) poer 1,000
IR ' feet-of lumber éut and 0.5 dry ton per 1,000, fect of 3, 8inch plywood
‘ , ;Hm‘mml In mills in the Padific Northivest, nearly 23 million dry tons
. o of [h;,s.c aterials are produced annualh
' L B unusd, : . o e

with 7 million dry tons going

Clamaged and msect- or discase-ridden trees 8

. - o ~mmunicipal solid wistes,
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ate professar of enviranmental engineor-
ing at the Mew Joesey Ins Aitute of Tech-
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Cengineer, ke is associate aditor of, Pollu-
+ tion ginearing  muagizine  nd is g
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time was the primary fuel 6f the country, but becanse of its r;l;iti\}f'l'y'

L wood.

Other wood residues that are puta{zl’i;‘nl!»}f;1;5‘;i‘lnli!v includes™ 1) fire-
L . ] %"urhm areas, O udrifts
\\ L e T ool ('3) constraction wood  wastes, and (4), Hn wood poitivi-of.

. ADVOCATES OF ALTERNATE cnergy sources have begith to exam-

I aives 2




hese wood a:ld phrk mﬁmhm
ad usage in a vwiety of ap‘pli

aterial’ is eamlnuauzly 'sfisfﬁg.
g-on - the residue size gnd

i} ,Ihey can be used in the
AT e-of plywood, lumber, paper and
Ty pulp,'ﬁiﬂ building boards. .~ *°

; f © US. will ipcrease from about twelve -
bmitm .cubjo., featf‘i; 1970 tu@xeg}y

P ‘twenty billion cubi¢ feet in 2000, With

! " increased housing. requirementsy ‘the
' ;ldumestjc demdhd for lumber is
. petted to increase-dramatically’ threugh

., 1980, gfter. which thé demfnd indreas

-, duction. of lumbes # 1970 was 34.7

.\, . billion board fest (a board foot, is a
. unit of lumber measuring 12x12x1
" inches), The ic@:lerataa construction

- pace: and mﬁnued rise in-the manu-
- fatture- - af d-products” will cayse

‘plywood and. building board ysage to

: ons, The démand for products -
.. which can utilize wmdmsidugsasa,';
[AwW ’ ganerated

—ne-Fhe-demand-for-forest-wood in- the- -
“a 2.4 fl:ld increase in paper, cardboard,

will bef less ﬁg’mﬁ‘:ﬂﬂﬁ Domgstic pro- _éupphsd aboutw 76 pemem gf t,he’“

7 available taw. matariﬂl For these plants
- . to utilize won;l wastes-4n prodict man-

.. .Other locations across the U,S, which
" house paper and pulp and composition; -

uting to alr.polii

ineis
ii‘iﬁﬁueh. %75‘.‘ Canad
L]

residuss are genergted" in ﬂiis reglan.

board companies. do riot. have these ..
wood rgsiduas a8« cheap and readﬂy

ufacturing, the ‘additional: Handling and

: *trampnrtatiou costs- ‘must_be consid-

ey Efed ;2

L Althoug

more. than double and. ,fﬂple, respec-

'ﬁvag@by 2000, The more Virgin wood

is- used, the. more wood wastﬁs are
'FH

£9A significant porfion Df incraased

L mmp sition board demand is &xpm:tedﬂ _
through the use.of .-

I;"ﬁaﬁ!’.ﬁe
wucsd residus raw materials. Wood
Wgatﬁsam -glto- sxpected 10 help satisfy -

and pulp pmdm‘:ts 72 ‘million dry tons-

. of softwood chipy Q;gﬁre; e

Pacific Coast pulp mdustry s raw mate-

‘rigl’ rgqﬁirements -

4

' Avmlablllty of Wastes

~ Thus, wood ?ﬁduss are- avnllable and Z‘

R—l@?

) ' Qi)

dues can- and do have widespréid usage'
“in a va:lety of appljcntiang, the ulti- .

- ,,,mate_ determining factor in their usgge. ..

is cost: The g;dncprrﬂcs may prove:to
bé unfeasible for a relatively small mill-
ing plant to reuse . or have its wood:

. waptes reused. Furthgmotg! the arge

-

planis which generate huge volumes of -
wood residues may not have an ‘outlet
for these wastés, When the utilization
of wood and bark residue becomes un-
economical, a disposal” problem - is

' created. The use of these materials as a =

. fusl may prove. to be' a viable slterna=

“tive. .

The seven. million ;lgy'tgns of wood
and ‘bark wastes generated on the
‘Pacific Coast could-replace eonvention-- -
al fuels at milling facilities for their -
processing ‘and operational heat re-

' quirements, Table 2 gives some char-

- acteristics and the heating values of ’

. typical

Lh& mnisture content of some westem

;fm:t

Clearly, wood residues vary in size
afid composition. - Sizes of wood resi-
dues range from dust particles gener- -
ated - by sandifig to large chips and
slabs.” The moisture content of thé -
sander dust is relatively small -as op-

ead ¥

3

- 7 )

b

F these wood and ba:k reﬁ-iz" '

wood resxdues Figure 1 shuwsr



HQEd fualf piﬂ:l:\ﬂarly in the narth—
_westérn "reglon ;of the UsS., is Asually -
.sold. in. bulk*.volumes, or units-(a- unit -~
“of wood résidue is the amount con,
tnined in a mlume Gf ZDQ :ubic feat)

pound,s “for sawdust to lZDD pnunds

f@r Douglas fir shavings, .
pntentiﬂ for wood residue fuel -

l; meady racagﬁzed in the Pacific: 7M - \ d

- Northwest. Estimates of wbod residues R S T ey

°F %
fmm Orggﬂn sa\amij]]s and plywm:id T B L

3 - i ——— _ - _ - -

TABLE2, - ' P : o
g;jdues gan ’nt&d. The haat cummt af HEATING VALUES ‘OF SQME TVPICAL FACIFIC CﬂASTAL WOOoD. HESIDUES
“those residues - used for fuel was. .- e A Heating Valus )

S 70x mlz Btu, ‘which® s gqulﬁlem to Kind of Wéod or Birk B e :;. __Btu per Ory Pound) ' * - 7
um heat’ fitjj, the total sales of the . Lo . S S : '

Douglas F‘ir C o a . . : :

NQML atusal - Gﬂi-,(:nmpany - Wood - e I R T :
. 1967. Western- Oregon and parts af L Bard. . - ' A e 9,800 @ -’
Washington are. supggésg natural gas by - \yactarn Hemiock Do o
A Eﬂscﬂmpﬁly- . Woad: T T s : 8,400 - - %
"In the. Tennessge Valley Authc:my . Bark e : o T 8,400 ’
- region;, the totsl amount of unused . i o _ e “_
- Wood Tesides v, _,mdueed Tmm land ™" “';"* R SN 9,100 ;" -
. dloaring and industrial ¢ ' , e - . 9,100~ ‘ N
Jﬁ?ﬁmﬁf 12:3 illlion tonis.? The — Trua Flrs ™ 707 ot T T . Toowd T
eating value of this residué is equiva- - White fir wood' P T .. 8200 L.
“"lént’ to 4.9 million tons of coal, which, . Western. Redcedar = . . R
. at’ $20 ‘per’ton, would be wdrﬂil‘?& , W)Nf?ﬂd o K B 9,700-
million. Thus, availability, of these Sourca: - . o - .
urce: Refarsnce 1, B . L)
wmd rgsjdues is' of. such magritude . ey — i ——— m—— ‘
o - ’ _ ‘ e '_ T i;‘ _4 % - IR T 5
: ‘ﬁ a (} C & .

EMC * “ . -- - _ . e e & é o o )

Aruitoxt provided by Eic:
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*.;h,‘t

a;g;r st

ing prmﬁés and for tha produéﬁgp of

* steam, which represents . the: largeste:.

industrial .use of wood. and bark fuels

The fual ‘ol pro
stage furngle, as illustrated in Figure 2.
The wood" fuel enters the primary fur-

. nace ﬁampartment from overhead. The,

,?isnlsuntwas

Sy

" watef in 'ﬂtha ‘wmd fuel iri’ order to”
" effect.” combustion — the amount of
. whter in the dry wood thusismim-
pnﬁmt pmpaﬂy since, as-the moisture

; conterft incruasad ths hsat content

tile hydmhun psea are than evalved

““Steam 13 produced for heating, | pmeess- I

ing, and generation of electricity. Hog- -

fueled steam plants range in steam

__capacity from 10,000 paund? per hour

~and;- ;nb:ed with oxygen, giving off -

,mpleted with the re-
* action. of Q;gyggn with the fixed carbon

- at -high tempeiatures, lniﬁally these
.+ processes occur-in succession"but as

heat is generated the wood eventually.

-and all processds occur at once.

The atodﬁomatri;: air réquirement
of ‘a’ combustion procéss iyt
amount of air necessary to bum:the
ca:ben #nd. hydrogen in the fuel com-

pletely. 16 carbon dioxide and” water

" Depending on the, mafture’ content,

—stochiometric “alr—requirements vary,

* and, naturilly, so does the weight Df

. the resulﬁng stack gases. - -

. ‘Many firms today already use wood
‘and*“bark residug’ fuels, These res;dua.s
are_ 4lso burned Jor_home heating in -

_begins to sustain its_own_ cambmgom

to.over SDD 000 pounds per hnur

Burmng the Fuel

cbablg the must common hngged

od fuel, ‘burning process invnlvss the = -

use of a dutch oven, In the first stage,
water in the wood is evaporated, and

fumaee combustion js; cnmplgted The
" system_is gravity-fed, as the hogged
‘fuel enters the dutch.oven from above
anq, forms 4 conical pile. The dutch
oven was in-widespread use until gbput

.25 year&.ago, Presently, .more efficient .

and larger-capacity systems are ava;l—

‘ able

TN

" to nearly twenly

“stoves, ‘fumnagés,, and fireplaces. The .

hﬁt of .combustion of sander dust is '

‘. ﬁ

i

L i_; ! !! . l N %’ )

woqd i the U, ‘S w;j! in-
“craase from abgut. twelve
‘billion cubic Feet in1970
billion
cubic feet in 2000.

TRe49

"

gravity-fed system allows -the fuel i~ -

drop- onto a water cogled grate. The
wood is fitat gasified in the primary
stage, and the s pass into a seccmd-
ary cgmbusnon orﬁpsrtment for com-

- plete combustion. Wood-fuel boilers of

ﬁ‘us type are in mther widespread use -+
- throughout: the western. US, Labor
operating costs are low because these
steam plmts are highly nutc:mqted '

" Low operating” pressures ‘of about 25
“pounds - per square inch gve these

]'Bit, _lnd «(3) more heat is released and = the-fuel is gasified. In the second stage,

=

plants steam capacities ranging- from
10,000 to 30,000 pounds per hour,

iz above 50 ﬁerc%nt hogged-fuel dryers
are necessary. Many of these wood

steam plants have apphcatmns in dry.:

ing kiln. processes.

Many. steam plants xe;ently crm-
* stywcted to'be wnnd! or bark fueled are
" the spreader-stoker type. In the spread-

i}

. When the- moisture content of the fuel - '

er-stoker system, a pneurnatlc or

fechanical” spreader feeds the " wood

_“fuel from above onto @ grate in the

fumaée As the fudl falls to the grate, -

T part,lally cormbusted’ while in siis- -

pension, Combustion of the fuel is -

corfipleted ‘on the grate. This operation
can be wsed with small pl;ams to obtain
steam rates of about, 230

per hour or with large c¥§

cnty plants

* to obtain 500,000 pounds per hmlr

The mclmed gate fumsne systern is

=

0 pounds



Wry ﬂmllu to mmy munjeipﬂ ‘solid-
waste incineration methods. At the fur-

.. nace inlet, the' hagpd fuel is deposited
- on the top section of the grate. The

. wood ﬂml .then passes thirough the

" three zones of the grate. The first sec-
tion dries the. wood for combustion in

tha sacgnd gctmn. In Lha Llu:d sec-

pletsd ajl&‘t.he ash is r:mnved
The York-Shiplsy Company has =

ﬂuidjzsd-bed wood-waste heat-recovery

‘xystam that can burn hogged wood
* residues -with moisture contents of up

to 55 percent. After the systeni start-

up, no supplemental fuel is required to
- keep- the wood buming, and the sys-

“tem is generally. sutumatically oper-

-ated. Boiler efficiencies obtained fmm
- this: fluidized-bed heat-recovery unit
are comparable to ccsriventinnal fuel
. equipment. :

Because of their high moisture con- -

tant; most weod and b:u‘k fual! have
high haat losses due to water evapora-
tion frnm the fuel. On the average, a
- fuel with.a 50-percent ‘moisture con-
tent requires about 13 percent of the
ﬁiél‘s tutal heat output. to evaporate
Over _one-quarter of the

. boller haat luu dua tn dry stack gneg A

By reducing ghe amounts of excess air
used ‘and by pauhg the stack gases
ﬂlmugh a heat recovery. unit before .
they exit the stack, heat ln;ses can be
minimized, :
The overall effici
bumhg bnﬂer xyste

cy of a wund"
canbecal:ulatsd 7

moisture content is increased, the
flame temperature .is lowered, and .
combustion is inhibited, reducﬁ:xg ‘the
‘steamn’ output of the boiler. The wood’s
' combustion can no longer be self-sus-

taining as the moisture content .-

appmaches between. 64 and ‘69 per-

cent.  Excessively smoist wood fuels
would probably have to bg dried prior
to combustion or be bumed along with
supplemental fuels such as oil ahd coal,

-'The amount of excess air required
for combustion of the fuel and thé
“.gas-exiting temperature determines the

ﬂnal f_ual_heat output is required at'a’

Steam

. Chamber
Combustible .
-Gases from Wood
AsE -

I3

Cambéstmﬁ

——
| S

"FIGURE 2

STEAM PLANT (FUEL- CELL PRDEESS) FUE ED BY RESIDUES FROM WOOD.

AND BARK

W . ‘R=50"-

examplg i.n a steam pla,nt whio:hbumg
Douglas fir bark fuel with 40-percent
excess air (mspercent 7eXcess air is a
normal operating candiﬁaﬂ for a repre-
sentative ‘wood-burning plant), a boiler
efficiency of nearly 70 percent can be
" expected at’ stack temperatures of 400
to 500 degrees F. and moisture con-

‘~tents of 50 percent. These high effi-

ciencies' usually require fuel pretreat- -
‘ment (predrying) and stack gas heat
utilization achieved by ‘the use of heat
exchangers

Air Pollytion Control

“WoodNand bark fuels have relatively

small _amounts %of sulfur and, unlike
most heavy ail and coal, pmdut:e sul-
fur emissions in volumes which are
ﬁsmﬂly well below thase allowed by .
- governmental regulations.’> Of more
concern to wood- and bark-fueled

- power plants are visible plpme and par-

. ticulate matter- emission standards.
Dmguns regulations for new boiler.
units ‘allow 0.1 grain of particulate
matter per standard cubic foot of gas.
Parﬁv;ulate emissions fmm bark fugled »

5.0 g,rams per standa:d cubm fum

" The amount and type of particulate;z )
matter generated by wood and bark’

furnaces _are, dependent on the fuel? i
burned, Ash contents (nnncambljstxhle
portion left over after burning) vary °

..with wood and bark type. They. are’

generally higher in bark, which also ac-.
cumulates Jarge quantities of dirt and
sand from handling operations, The
emissions are comprised of_dirt, sand,
and char (unburned carbon). The sands
and dirt are relatively large particlés
and’ are the nearly invisible component
of the emissions, The char is relatively .
small and highly visible,

Depending on particle size, power -
%%hty size, quantities of exhaust -
gases, and emission rates, air pollution -



E!ll mr

! Hi!ﬂlll Vlll!i .
+ Quantity

Allill'!liﬂ !‘III!I

e ' ity .Der Quantity . - Gen. Kfficlency Fusl
.lit!ng if Fu§|= L s of Massure . {Dolisrs) (Illmml "y} {Peroant) (8 per iilllhn Dtu)
o - . ' ’ AR v . y
"~ No, s Fu-l cm Barrel 4,80 63 . 80 0.95
- EusiON- - -Bavrsl - 420 63— 80— eyl C2
Naturil G 4L - " ' : -
* Industtial Firm! Loe Co
’ 100,000 ttierms per month . Tharm "~ 0.0661 0.1 -76 Q.87
. 500,000 tharms pli‘ mﬂﬂfh' " Therm : 0.0612 0.1 76 081
Industﬂil !ntgrmpﬂbli AR n T ‘ e : '
- 100,000 therms par month Therm - ' 00480 0.1 - 76 : 0.63
. 500,000 therris per munth 5 - Therm 0.0444, 0.1 Y - 058
Wqéd-Eark ResTdues o R : . ' , ‘
. Douglag fir sawdust - unit? 2,040 - 15 94 66° 0.18-0.36
_ Wastern hemlock sawdust . unit? - . 2,040 14,34 ‘58° - 0.24-0.48
" Douglas fir hogged bark - S ume? . 2,0-4,0 24.4% YA 0.12-.0.24 .=
wmm hjmlm‘;k hc.ggad bark mn3 - . 2,0-4.0 ' 196*» 66° 0. 16-@.31_ R

: Natil Coit eamplrlmm ara msa on. 1571 and. 1972 data. All

ﬁlt! ﬂi\il risan !hlrply llnﬁl thlﬂ. but tha rul;tlvn comparisans are itlll valld.

f‘ Nﬁlthw-st Matursl Gy Co6,, Sthaduls 21 ‘high 1oad i'lctﬁr. additional eh-rni h:r axcass paak perlod usage. Effsctive November 14, 1971.

2 Narthwest Natursi Gas Ca,, Schadula 23. Effactive Noveambaer 14, 1971,

YA unit Is. 200 cublc fest of bulk-voluma assumed to contaln 1,Bl‘m pounds of dgy Douglas fir sawdust, 1,700 n' western nemiock sawdust, Q.Eﬂﬂ of

Qnuilu fir bark, and 2,200 pounds of dry wastarn hamlock bark,
Higher heating values per pound, dry, niurnid; Dnuplu fir sawdust, a.sau; W'iltlrﬂ hamla:k sawd
Hemlock bark, 8,900, .

ust 8, 466; Douglas fir bark, 9,400; and mﬂim

"Efficlencies sssurmad 40 par ’ m X CHil Ilf. 500" F. stack temparaturs, iu-l mamurg a0 mn;;nk ﬁ;r Daugln fir nwgun and bark Iné msnrﬁ

nimln:k bark, IEB pcr:-nt sitern ne

g;k HW§BSt Py P S P S e NPy

- control devices to. collect these par-.
-ticles can be installed: Larger particles
can be effir:lenﬂy collected by a
meghanica] cyclone or a series of
cyglones. For - smaller particles, elec-

" trostatic precipitators may be necessary

to effect their removal from exiting
@SGS.‘ \ . ! :

These pollution devices. may require -
large capital and operating investments.
However, -depending on the char qual-

- " ity, the collection equipment can be
cost effective. By first passing the

-stack gases ﬂuaugh a screening process '

to remoeve the larger sand and dirt par-.

__tigjes, the ¢har- can_be remlec‘.ted into

the furnatg to curnplate combustion
w1th a rmmmum increase in emissions.

Cullectmr; dewces for wood- a:ldv :
bark-fueled -power plants usually in-
clude. a two:stage collection system,.
Hnw;ver, because there is relatively
lm‘,le _experience wnh “control . devices
1-fired Fumacgs ,many collec-
systems ‘are not proven, .B‘sg-

FIGURE 3

. . 4

COMPARISON OF THE COSTS OF SOME
INDUSTRIAL FUELS USED FOR, STEAM

tion
. houses, wet scrubbers and electros é%t":

GENERATION

] (BASED ON DATA
TABLE 3)

FI'

IN

Matural gas usage was assumdd to be 100,000 -
therms par month, and the cost of procssiad
Douglas ﬁr nark Wwas a;sumed to ba %4 per
unit. .

precq:utatcrs c;li! be employed, de§fénd-
ing upon the plants rEqulremengf "and
their Ecunﬂmc@feasibﬂlty at that plant

!
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 ever,

Wnod-Waste Ec:onmmcs

: Table 3 gives thie costs for fuek—-ﬁfﬂl

equivalent heat contents, and Figure 3
is a comparison of costs of some indus-
trial fuels for steam generation based
on data in Table 3. These statistics are
baséd on costs for- fuel in Decer‘nber
1972, and they show hogged-wood fuel

to be considerably lower in cost than .

conventional - fuel, Today’s oil prices
- probably justify the increased capital

Eﬁtlﬂﬂ
Steam plants that utilize * hogged
usually ¢ost more than a conven-
—tional-fuel-fired- plant because of the
high - moisture content and  handling
problems of hogged fuel. Studies have
shown that 'a boiler system burning

hogged fuel alone or with a supple- -
.mental fuel would cost.twice as much

as a boiler that burns oil only. How-

fueled plant requires twice the-initial
capital investment over conventionally

fueled plants, other_factors should be.

considered, 'mcludiﬁgi“ Jower hogged-

fuel costs resulting in long-term sav--

ings; fewer air poliution emissions; in-

[

~ and operating costs of. hngged fuel util- -

althnugh the wood- and bark-



ERI

ﬁnﬂnj :unvanﬂuml—fuel mlt;, ;hgrt

- ages: ‘of -conventional fuel; advantages

af hogged fuel used with supplemental -

.fuel-‘-’r‘ «and cost'in otherwise dispos:
“ing of wood and bark wastes.”

installations are.not the only means of

- energy recovery. Logs for home use
~can be made from sawdust, wood
chips, and_other combustibles mixed

'—with—w:x;—kgy made from leaves have

K ntly become
"fnut only are t

_profitable enter-
Be leaves effective-
ly disposed of, but ‘thdjr
- covered, The leaves dre separated,
dried, and - shredded be ore  they - are

-mixed - with wax -to aid combustion. -

Aruitoxt provided by Eic:

Wood-wastes -can--be -utilized - jn-a -
‘mumber of ways, and large power plant

energy is re-

intn sixtaen-mch long si:y fﬂurinch--

 diameter logs:
All w?od

fraction of the energy pinch. These’
wastes are available -all around us and

" are usually uhtamablz by the fuel

processor at no cost, Sometimes - the
—wniste- producer-will- even pay the- fuel
‘processor to remove his wastes,. 'O

2
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wastes .could be trzatad in
& similar manner to alleviate just a . in

3, Wood. Waste Turni on tha Heat, Orr &
. Sembower, inc, " Miﬂﬂlatawn. Penn,, pub-
They are then compressed and formed ' :

4, Raen, Pltar. and J.F. I\.imlllﬂi "Eﬁk fmrn-
. Southarn Plne May Flnd Usa'As Fusl,” Forait
. Industriss, 9!(4)135-5?’. Apr. 1971,

Thomas 1., “Hamlock Bark a5 Fuel
1 Genaration,” In Converllag Bark
to Opportunities (A.C. Van. Viist, ed.).
Proceadings of a confersncs, Oragon State
Univs; Sechoal of F‘qrslry. I;arvallls, Ors,,
Nov, 1971, pp. 51=52,

6, Pratt, Willard E.. l!pll‘llllEi with an Auto-
matic \hhh\ﬂnnﬂ Flred Steam Plant, papar .
preasnted st & mewting of the Narthnrﬁ Call='

fornla Sectlon of the Forest Products Re- |

saarch-

Soey; Frasm
813,

 Cailt, Apr. 20,1967, [-]-

This af‘ficlg is a condensation of Chapter;

15 ﬁ-dm the book Energy from Solid
Waﬂﬂ. It is reproduced with the special

_permission_of the authors and the pub- ..

i

lisher 'from the - original edition pub-
Iuhfd in 1976 by Marcel Dekker, Inc.,

——270-Madison Avenue, ‘New  York, New -

Yark 10016. The publisher and editors
af Enwrﬂnmgm are respannble fm‘ the :

T:’f fphmagraphs and Iegd-m excerpt.:
phiéto captions, and preparation af most
grdphs and illustrations which appear m
Enwmnment articles. .

| .



’ hbmmunsdhnwmtgpﬂusmsmal— o
“amgﬁarﬁyandrgspgctagg it into more

o iha pﬂ:iiaplasmlg muck Beons agﬂ

usable energy

And aver siica hi

—wood, coal and ofl.
i to make fire by’

" rubbing twio #ficka of wood together, Man
. has thoughtiessly been nquarﬂarlngﬂa—

hlleilvlllzltlpn £

Florida this past January and the other in

Washington, D.C, in. March—the explol- -
tation of untapped energy sources was

. m‘,cmpm’pm forward In::ll.ﬂad

" greater potential,

symhasls—arﬂm
industrial wastes, and ggrh:ultursl and
forestry residues ﬁ:r tual,
ﬁhémlesls

Ai:n;arﬂlng to EPA
wasta alone could s

-12% éaﬂendlﬁgm i

maﬁer grawn “for

lal total Eﬁarg’y pradur:th:n
ol bic s has been variously esti-
nated at a conservative 3 quadrillion Biu's
.(quads) annually by the year 2000 and 10
quads by 2020 (ERDA's Solar Energy

- Definition Report, 1975), to a high of 16

_ dppears to be limited only by the public's ¥

- quads in tha yeat 2000 (Project Indepen-
- dence Report, 1974). And once the pro-

duction .and conversion problems are
iroried qut, the potential for bioconversion

perception of fufure energy alternatives.

" Waste-as-fuel tekhnologles

Q

ERIC

Aruitoxt provided by Eic:

Theorstically, bioconversion tech-_

.niques can simulanaously solve, or at

least minimize, -waste disposal ang the..

attendant pollution problems whila pro-
viding solid supplemental fual, or new
conversion produets—liquid or gaseous
fuels, sugar, protein and fertilizer. These

man-dasigned tachnalagnes may rid cities .

of their burgaoning solid wastes and, at
the sarne time, open up n_éw sources of
ravente,

‘At two recent rngatlngs_—ﬁng held in

food -and

. | belng'demonstrated in Baltimore, Md.

i drolysi

P
chnological
ontal factors
d food from
bmass viable
fossil and’

wastes ang
-alternativé
- nuclg

The magnitude of urban waste gener-
ated annuaily is overwhalming. An EPA
astimate places the quantity at 135 million
tons/year, of which approximately 80%
or tha equivalent of 400 000 barrels of oil
is in a form suitable for anargy recovary.

- Kecordifg to.Dun & Bradstreet, the re-

coveryof energy and materials will be the
nation's number one growth industry in the
last quarter of this century.
Waste-as-fuel technologies are avail-
able for the prudent utilization of those
commodities now thrown away. For ex-
ampla, watarwall mcmerahnn is being
used in the Chlﬁaga Northwest Inginera-
tor, ihodeled after the Martin incihération

.system widely used in Europe; in the

Saugus, Mass,, teluse-enargy plant scon
to bs mmpieted and in lhe fuliy aperaﬁng

Anuthar te«:hn@lagy prepared waste
as supplementary fuel for co-firing with

coal or oil—has been successfully dem-
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onsirated at the St. Louis/Union Electric

" plant (see ES&T, May 1976,.p 430}, a

. discarded wastes™as a means of redicing .

pra}ev:t that is soon to be aannded intoa

-profit-making commercial venture. And

this very same technology is spraading to
Ames, lowa, and Chieago, IIl. A variant

. method—solid waste Eq;combusted with
sewage sludga—ls bglng tested, under

now undsrway:

" . Another physlt:sl prnaess _pyrolysis,

the destructive distillation of wastes to
produce gases, oils and char for usg as
bailer, residential-heating and motor fuels,

(see ES&T. February -1975, p 98),
Charleston, W.Va.; and San Diego, Calif.

R "Slmu but sure.

Biological pmc:essas available to
convert solid wastes to useful products

Anaerobic digestion can trans-
form organic s solid wasles t6 methane-

act, design and- a::nstructinn plans for
Igastlng 50-100 tons/day &f municipal
Ih:l wastes are being drawn up by Waste

; ‘Ine. at its Pompano Beach,
. . The' Institute of Gas Tech-
m;!logy (IGT) has builla imﬂ liter digester
at its Chicago facility that is baing used to
demonstrate the feasibility of accom-
plishing blogasification of municipal solid

waste and sewage solids to a mathane-

rich product gas. IGT's’ pmjex;t iz at the
pilot-plant stage. : . N
A beﬁch—sc:ale efﬁ:ﬁ at e

in the urban waste stream (see” ES&T,
NEVEI‘HDEI’WQTE P 101 1") Here the con--
fu*her manlpulateﬂ toa slngl%cen pﬂ:tem .
ar ethyl alcohol.

Certain industries, sugar rafming and
paper products, for axample, are.reusing,
albalt in an aitered form, their formerly’

both their pollution problems and their
dapandenca on extarnally abtained fusls.
In pursult of Btu's - ;
" Preliminary studies are underway to
estimate the quantities of forest, fieid crop
and animat wastes potentidlly available for
bla:@nVEr&.mn Institutional, . technical,
economic and environmental variables.
associated ‘with the large-scale conver-
sion of these residues to fuels, fertilizers
and chernicals are also being delineated.
To minimiza their disposal headaches,
lumber companies are using most of the

- glash and mill residues that they formerly

discarded to heat and power their mill
operations. Thase companies are even

studying the economics and ecology of .

gatl@n of lluldlzed—baﬂ com-
bustlcm again undaﬁFA spnnsarshlp. is

fermentation and enzymatic hy- - .

ymatic’ »
drnlysis of the t:ellulash: matansfs fnund .

2
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to mﬂé Will world we

fied with’ m;cﬂmpsnylng loss of nutrient-
rich soil and increased water pollution?,
What hsppens to the established ac:éaa
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als, For the Third-
Wnrld countrles, blocoriversion offers
lmall l‘amgssnﬂ villages salf-sufficiency
and an imp’mvemem inthe quallfy of life.
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8 clantists are ﬁnding ways to redl c;t phatosynthesusﬁhe fundamental
;j;.sc:urce of feedﬁ—tc praduce hydrc:g n, the Fuel af the future

GREEN P

ANTS MIGHT PROVIDE

by ane“&ylim,ky

Billinm nf years ago, nature eve]ved a marvglgua en-

" ergy-produeing process by which green plants use the -

‘pigment. chlorophyll to -transform sunlight into stored

antist 1at our best hope for achieving long-term
_energy mtiepe dence lies in redirecting this grand proc-
" eas of nature, photosynthesis, toward the production of
fueixspeciﬂca]ly. 'hydmgen Sunlight 'ﬁ:ufd be employed
" to extract hydrﬁgen gas from ordinary water. The hydro-

gen, in turn, wauld be used-in gaseous form -as a substi-

tuté.far natural gasorin hqueﬂed fnrm as a substitute for
gns&hne, o

The vision is no plpe dregm Ina number af ]aborato-
: nes. smentxst& hgve been de

ncouraging news ia atimmi=: -
lntmg some aptlmmts t.ﬂp— ict that small commercial de-
vices .for converting sunllght and water into hydrﬂgen
will be performing auxiliary jobs five or ten gears from
, nnw—harbmgers of blg‘ hydrogen-producmg mstallatmns
m the years beyond. .

The harnessing of sunhght for phntochemmal produc-

Sunhght hgrvestmg-aysté.mg util ng' 'photoaynthésm or
__gimilar processes would need i ho E;cpéﬂ’swe mirrors to fo-
+ cus the light, but would soak it up directly. Their cost-
‘efficiency could be much greater ‘than that attained
through conversion of light into heat or Electrmty by
means of artificial solar cells.

Besides, hydrogen as an end pmdugt offers obvious ad-

_ vantages over heat or electricity. Hydmgen can be stored
for later use, Tt can be transported by prpelme over
_.long distances atone-eighth the operating cnst of sending -
-electricity through high-voltage cabless Tt is an exceed-

. ingly clegn-burning substance—the only residue would be .

" water. In liquid form, moreover, hydrogen packs about
two and a half times as much energy as gasoline by
walght (See “The Coming Hydfogen Econamy ” FDR—
- TUNE, November, 1972.) -

A transition to reliance on hydrogen as a major fuel
could not be made overnight, of course, It would require

starches and sugars. Togiay_anme sci-

1strating that it is pnsa}b]g .
ng water, sunlight, and -

tmn of hydmgenswou]d represent a Slgmﬁcant advance in

", seems strange even to some scien

2o - . IRV
A . -

costl‘y m@dlﬂcntmrla m dlstrlbutiun lmeg, at@rsge facxll-

cnmbustmn engmes, and.so furth And gﬁing from re]n-=

_tively tmy amounts of hydrogen producedin lnboratones
to the énormous’ quantities that would begin to make. an
economjc impact—billions of cubic feet a day—would de-
‘mand huge capital nutlays and the solution of aiigmeermg
.. problems that'haven't even heen faced, yet.: Buf the idea
of relying oy ehtinllyfli;;iitl,ess sa’ume of energy no
fnrmgn tmteﬁtg could interfere with has i immense ap=
peal. Usmg Eu’t‘if'ght to prgduce hydrggen furthermore, -

would make a lot more sense than using nuclear or fossil- -
" fuel power planta for that purpose and c_ansummg one

form of energy in the making of another.. .
.'Man has knawn for a century how to .extract hydrogen
from water by ‘Means of electrolysis, the passage of an-

electng current through water. But that is a relatively in-" .

efficient process. More recent are various catalytic steam’
and partlal combusticn processes in which natural gas,
oil, or coal are broken down to yield hydrugen These proc-
esges are hard]y an improvement over Electrnlysls, since
_they consume our, dwindling fossil fuels. The matchless

vEl:LEﬂtlEt puts 1t ““the sun pays the energy bill.”

' Sklpplng over mllllpns al’ years

. The idea of using sunlight to éenerate hydrngen atlll

ta..Aftér the National+

. advantage of the photosynthetic appraach is that, as one

~Science Foundation in 1973 brought together specialists.+!: - *

. ffom different fields.in a warkshop .on_biophotolysis, or

e biological “splittirig” of jvater, its repnrt said: “FDr

”many attendants, the subject wag: rather new; for some,

to the pcunt nf aurprlsé oo

thana decade now that hydrcgen ¢an be: prﬂduced insg y5=
- tems utlllgmg the green plant’s photosynthetic apparatus.
The famllmr fossil fuels—oil, coal, natural gas—are end
results of phctnaynthetlc reactions that occurred eons ago.
“The objective of thé new re%earch is to skip over mll]mns

-~ of years:and go directly to fuel pfoductmn

Plants do not produce hydrng‘en ina uqable form. Tﬁay
extract hydrogen from water nat ag @ gag but ag-ions,
or prntgns whlch enter into the comﬁle processes that

e Regeareh aesncm&g E’gterl Srhuyten
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gen enlf Iﬁ lhlﬁ‘lbiaful quanﬂﬂas. But
the Sprintschniks believe It may - be-
coma & lararunnar al Iarge _anlar-
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e !mp-ch a reaction center, it sets in mo-
tion a seties of wvents that within five
Elhmtn OF 80 lﬂd to the ;ynthuh of

ERIC

Aruitoxt provided by Eic:

_ 'I'h—: dinﬂm jum up l:hlmtie:ny'
». ! how the natura) process of photosynthe-

‘ais works and how it is being redirected

:anrd pﬁnﬂneﬂun of fuel. Tha chloro-

'ture within the plint clll—chlnmph;ril
of course, being. that ubiquitous green
: plmmt af thu plmt wofld At thn hurt

tnr .! mnli;tin: arf A lin;'l: ,,,,Iezula
Whm a photon, or quantum, of. {ight

-away. ' The rmtion-cgnta: molecule
-'nlchu aut fnr thg nnmt ivgﬂgbla

_ 'mmpaund and ﬂnlll,y emplnyedillnu- :

with carbon digxida tak:n fmm tha air o

‘dunnr il wnter. bmniht up thﬂ:ugh the;

roots and present in the plmt tisaues.

- The chemiesal bond batwnn g:ynn and
‘hydrogen inthe wi

malx:ula 1: vgry' .
:tmng, ;mi nmlizh ,,,,,

nunfh to bresk thia bond diractly But;
- sanlight acdomplishies the same ‘purpose

“in-a more subtle way, hy inducing the
reaction-center molecule to g:’trnr.t elec-
- trons from water.

Water is thus “split” into hydmgen

_lons (protons), slectrons, and.molecular .

oyygen, which diffuses into the air. The

 electrons and hydrogen ions are passed

along from one molecular carrier to an-

_‘other, combined into a strongly reactive

‘R-58

u,v.,‘_‘ -

., genase 3
“the :}éctrn

hydrd
_proach being pursued is to recrsate the-

plB cirbahydrité

‘Scientists are nﬂwﬁénl‘ﬂfed in rgdi-
recting this pmms toward- genemti:m
of hydrogen gu (dingrsfn atright). To

. produce hydrogen, they introduce the

enzyme hydrﬂfagn;g, gxt:agted from
photosynthetic bactéria or from algae,

. Seiantiats don’t know exactly how hydro-
grks, but samehnw it: induces.
and hydmgen fons ex-

tractpd from wntez‘ to link up and form
en gas: Annther promising ap-

bare essentials ﬁ’f the photosynthetic

apparatus with aynthetu; chemicala thit .,

mimie the abilltfes ai’ chlnrnnhyll and
hydrcgenaae to generate hydrugerl

w



matructure hydrngen and cgrbun dmxide into carbnhy- _ _

~ drates. (See diagram, opposite.)

Fortunately, however, there are some” photosynthetlcv
: micmﬂfganisms that do yield measurable amounts of hy-
drng-eru gas under special coriditions. These organisms in- .
elude certam algae that reﬁeﬂae hydmgen inan apparent .

s doi ap with the ald of an enzymé ealled I
_induce

:drngenase, which
, electrona 4o link up with hydrégen jons. extracted |

iéxceptmns Chtqmplaata datermrate aut.slﬂﬂ L

i

! thdmg‘- s

. from ﬁater“Thla hnkmg -up: restructlﬁ'es the partmiea.

“into hydrogen gas.:
In 1961 a brilliant; ijﬂEEl‘ in phat‘osynthems research

: Daniel 1. Arnon of the University of California's Berkeley é sﬁﬁ N
campus, showed how to.get around the reluctarice of high- € :

ar planta to yield hydrggen He coupled. chlorophyll-co
taining chlaraplasta ‘which he extracted from spini
_leaves, to a bacterial® ‘hydrogenase;¥shined - aﬁmp (
mixture, and produced some hydrogen. Putting the
gredients—chlorophyll and hydngEnBEEi—th-Eth

dominant- approach now’ being putaued in a nuniber. of

university, gavernrﬁent and corporate laburatm-les in this
, hewest search for aaurceq of energy.-

There is much to be learned, While photgsynthesns hagiv
been studxed fn\' near]y 200 yearﬁ, the attempts to reehan- :

tu:m Df hydmgen are {mly a few \ygars uld Even Ar;‘mn 8
expenment wa

Arnnn. fm"thermare, had- used organic material rather

. than water ag thesource. of hydrogen ions. Proof was still:-

- needed that: sunlnght cc:u']d Aplit ordina¥y water outside a
lwmg plant: - . Tl # p
“It took/the energy"crmrto qeml scientists scur‘r‘ymg

“into theirtlabs to start looking at phatachemmal hydfogen

produ:.tlén in earneat, A]mnat simultaneously in the early
' 1970’s, work began in about a dozen major labs, At least
. three éorporations,

- gnd Ex;gon, alsa got into. the act. »

cdplng xwllh life’s In:labllllln

'In 1973 a grnup at the University of Cahfurnia s San
Dlegc é’ampuq successfully used water as the source of
hydrug’en Hydrogenase blocked the path leading.tocarbo-
" hydrate synthesis, and for about fifteen minutes:the chlo-
mplastshydrogenaﬁe system generated a rnmute ammint
af hydrogen gas from water.

" This achievement galvanized researchers at Dther labs. .

1nicrobiologist Lester.O. Krampitz of Case West-;
“When we firdt began, wé

Eeca,,,

aern’ Regerve University:

. jumped for joy when we began to measure hydrogen :

being produced-—evefi'if it waq just a bhp=because we
' knew we WEI‘E on the way

- -extend Bpemt:mg t}me they ran mtu tﬂugh DbStBEIEE

Lack of stability plagues any biological subsyatem taken .
out of.its normal setting. Chloroplasts and hydrogenase'
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f*_“"'-'fa:pass thmugh, but. nc:.t large mole
substamﬁea that mlght damage the ¢!

ried at 1Ihj§g natm%‘ the process of pht)a
tasyntheaxs.rather thanat patentml pmductmn of energ}’ .

Martin-Mariettu, Genergl Electﬂc, .

1 E ;
"& 'month’ by bmdmg mnlécules of thé enzyme ‘ta the -
nce of smAll gldas beads and Keeping thern in a'favim
hemn;?aenvlmnment 4 can

%ﬁr the efficiencies of the- hydrugen producxf B

I:E generslly 1ow—-nnly abnut nne-tenth the

Fallnwmg ér paths tu phctasynthetlc praductmn of
hydrogen,. same scientists are emplaymg microseopic
algae apd bagteria, A partncularlykpramlsmg system, de-
vised at the Rlchmund fleld station of the University of
California, ftilizes blue- -green algae. These tiny plants

.have batl% chlorophyll and hydrogenase. They manage to
- exclude ﬂ;:ygen from some of their reactions almust com- .

‘pletely—a big advantage over the coupled- ‘chlorophyll-*

" hydrogehase systems, where oxygen can poison both chlo#

rophyll and hydrogenase, The Richmond apparatus re-

‘cently yielded two liters of hydrogen gas during-a con-

tinuous twenty-ddy-long run—a record for.a.biological °
system so far. That, of course, isn't a great deal of hydro-
gen—it w ould be Just encugh tokeepa pilot light on a gas
stove burnmg for nme minutes. But the Callfurma gei-
entists are confident of evential success.” They are now

- operating a prototype outdoar generator that is powered -

entirely by sunlight. o

\
Still another mlcrcsqopfc ﬂrgamsm haa recently at-’

tracted attention from smex%’sta interested in hydrogen
‘production. This is a-purple-colored bacterium-that lives
‘in salt flats; It uses, not chlorophyll, but a pigment close:’
ly related to rhodopsin, the pigment in the eyes of animals _ .

that converts light into electrical signals to the brain.

. Like chlorophyll, the pigment in the purple bacterium ab-
. sorbs photons of light/ But while chlorophyll turns the
" energy of photens majnly into a stream of electrons, the

purple-pigment molecule produces a stream of- pmtanq
‘When impacted by a photon of light, the molecule ejects
a proton into the surmundmg salty fluid and takes up’
ancther proton fmm the ﬂuld, gammg energy frurn this




be desirabla to utiliza t.ha
Intensity of gunlight. _': L

. trying to aypthemze dyes that would imltate chlnmphy I's
’light-absarbmg :md WBterq:]eaving sbility, sm:} afhﬁ _al
y ]

" “has been t;: biijld synthetie devices ’baged rm mfnrmaﬁdn :
from .green planﬁ. but without their varisblas " o

§ A’tl Id,enuqna élmlln; T S
In this task the Calvin team was recently gutdlstanced
"by a young couple working at the University of North °
- Carolina. Gerhard Aand Hertha Spnntachmk both chiem-
- . ists from Auatria,’s ed, for the first time, in using -

sunlight to split w1th an artificial chemical com-
pound taking the e of chlnmphyll and hydrogenase. .
. The expenment chntained all the ingredients of 4 class.
N o m“ daya - ical Eg}Eﬂtlﬁr' diacov was made by accident, with -
n A. Benemann (right) and Leon  Trather primitive equ nt. The two scientists, warlcmg
to, are doing research on the abliity of micro- * without even Ia orator assistants to help them, had unlyx :
adviser, Professor David G.

!iné! to pmﬂucaghyamgan undar speéial conditions. 5 aa het
W nitmgan fram the air for thelr malabalic needs, the counsel of their s to pr. oduce hy dmgen from
the propertles c:f

pspheric hitrogen they switch to an "alterna:  Whitten. They- weren’t see
mission of hydrogen. At the Richmond, Cal- ~ water. Instead, they + were
ists grow {he algae in an argon atmosphefe’ “membranés, which have a [5

sunlight. The argon'is pumped through ali
scientis}s. In a recent experiment that.ran disease. (The project was be

enty days, shown hare ganerated two tmna] Inqt:tute&: of Health )
8 Tec rd for such sts!e Tha seiamlsts have bagun ik

o of an insoluble ruthemum complex 1' \
i N 2 ‘light -on it. He ‘did not a% any flu ’escen e, Tl)ls un-
; - o plarmed expenment was e key cme, fur it mesnt that




last Christmas ay, he gnw bubblel r’iemg to the eurfaee g The nxygen eel{d be. eompreeeed for uae in mduetriel
from the slides he had put into a vessel full of water the operati(in ?‘the'hg roger®would be fed into pipelines..
prévious day. The Sprintschniks ‘had to, be certain, . The Sprintschniks’ success is enurrmg' on a variety of
'-'theugh* that what they were seeing was a true cleaving of - - Phb{ochemleel approsches to hydrogen production. Ex-"
T ‘water by light and not some secondary effect. A ratio-of  xon ig developing-an expe}umehtal pheteeleetreeﬁ‘emiegl
L twae meleeulee of hydregen to one of oxygen would prove ceH that sunlight can energize into preduemg hydrogen..
that water moleculgs were indeed being split. The young - : At-New Mexico State University, s ‘ent:ete havé devised -
",_Sg:lentiets eollected a eemple ef the gas and then had to " a eepper-eontmmng compoungd t et.ean use ultraviolet

L

3 d : ,,aly;ed-——rlﬂf i uce-hydrog : i =
Al‘t preved teecneiat of melegular hjd}‘ngen aﬁa oxygen in ", All theee eyet‘eme, whether wholly -or pertlally gyn-
-_:_gugt abogt the preper ratm o U T - thetic, rrught. behiefit from edd:tlenal basic lmewledge ‘of
;?' » R e e CL exactly how a green plent eonverte eunhght into- clremi-
Kncwhdﬁi ﬂ!'ﬂrﬁd : g B " " -cal energy so elﬁelently ire the primary.step, how-it eX--

- Mnny prebleme remem tq ‘be- werked out befere the - “fracta’ hydregen from water, and how hydrogenese turns®
'Sprmtﬂeehmks system_ of. p;eduemg ‘hydregen can be the hydrogen ions into hydrogen gas. Many gaps in basic
~-gtaled up. Fer one thing, ruthenium, at about $3,600 a . understanding still exist, Jpartly because the light portion,
. ‘kilogram, is eppremmetely a8 -expensive as gold. But a " -of the prodess takes place in mllhenthe, even billienths,:
little bit goes 'a long way.: the Sprintschniks have calcu-  af a second. Such events ¢an be traced bnly with highly .

'lated that in a monofayer (a layer one molecule thxek) . - advanced, and extremely expensive, instruments.

FA eemplex eonteimng a kxlegrﬁ%f ruthenium: could ~  Whether and-how ‘'soon the promise of using eunhg’ht
- ¢bver- fexjty acres, If,the stuff could ‘be made, te stay.in  to produce hydregen will be realized will depend in‘part .
- place, ,t’prebﬁbly would last mdeﬁmtely ; " on'the funding of reeeereh ‘efforts. It appears-that the

The twe scientists. enhemn the eventual emergence of - Energy Research and- Development Admmietrat‘len, the
. large hydrogen converters in which a ruthenium complex,’ _iergeet source of eriergy-research funds, has yet:to per- ..
or a mmﬂar gynthetic. material mimicking chlorophyll, ceive the full potentialities’ of pheteehem!cel ‘production
 would be spread thinly en,glase plates or-sheets of plastic .~ of hydregen This year the egeney ‘will spend $3 million,
.I'te soak up sunlight, Hydregen and oxXygeén: weuld be col-  a barely perceptible fraction of its $6.4-billion budget,
Tlected. inside translucent. Piaetle canopies ‘covering- the ' - on photosynthesis-related research*This failure of fed=—3 r
,rretellatlen*” Tt weuld be ‘necessary. to separate.the two ~~ eral energy plennere to gét behind pheteehemleel re-.

. gaeee, beeeuse fegether they pose a threat of exgloelen . 'search may be therr blggeet everelght of ell - EE:H!J .

The rl’éipl ‘calls fe,r spindch in'some

f the hydrogen-generation éxperi-

- ments’ of biochemists Lester Packer

(left) and Elisha Tel-Or at the Univer-

sity ef California's Berkelay campus.
Vials éonfaining ‘the reactlon mixture &f. -
-Chlorophyll; extracted from spinagh _*;
léaves, and enzymes from bacterfa and _ |
;algae are_kept free’ of oxygen to-defay. *

. deterioration of; the .substahces,, The'
wials are immersed in water and il ﬁumih

B nated from below by a bank of 50-watt* ™~

gl - reflectdr lamps, which imitate, sunlight.
The red plastic sheet filters treneeue_i s

" light from other sources in the labora-
tdry. The . researchers monitor ‘the -’

*reaction by periodically withdrawing-
samples of hydrogen and testing.them -
in_a gas chromatograph. Test resﬂlta o
emiérge as a graph on that moving °

) Eldﬁ of paper n !ﬁfbeekgreund
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< : AS SUPPLIES OF FOSSIL fuclg. diminish at an .|Lgclc1.mn;= rate, it is,
gg“ﬁhf IE“?I:E; "‘ég:‘st':f'a:;giﬁ'! . -hatural to consider replacing them with energy from the sin. One :ﬂ}ldl’
Analysis of Energy Systems, Brook- ' technology ‘which is attracting interest is the oldest. of allFharvesting
g';‘;n‘ﬁ" uﬁ%ﬁ?ﬁ' Laboratory, “Leng™ g ‘burning plant tissues or gambuqnblc hqmdn&-v svmhcslmd from
—_— ,,,‘ lhem .a process called bmcﬂnv&rsmn There is a per ,u-uv; feeling in
R R ﬂ‘ns enunlry, summed up by the” bumper-sticker ¢ lmrmtmn 1o “split
: .Vwam\.l not atoms,”; that h\mcanversmn is a desirable; clean, and. renew-
able source of energy which we might be'uble to. fall, back. on when
) _;prcsent Huels. become’ un.;v..ulilﬁlc This feeling has ﬁmmf ted itself
“in’ several ways: Studus have “been made of- the poteniial of New
) England’s forests to supply energy for the Northeast.':? At an Amvr-
. o - icanm Chemical Somly seminar in early 1976 on “viable alternate
) encrgy soukces” the Inter .Technology Corporation described its pldm
The WDIldL ) for plantations to fuel mlllmry‘ bases. During the energy crisis of the
winter of 1973, state and national forests were opened to individuals
blggest flIﬂPlﬂCEz & : w:shmg to cut hl‘LWOOd state forests in New York are still open for
such purposes upon payment of 2 3m4]l fee. And woodburning stoves
g; “’!ﬁ;,a are ‘enjoying § come . N
’ The idea of returning to. l.,lrg; scale hurnmg of wuml products for
] " energy might at first scem retro;_,us.sw; but prorn:mcnts point to lls
. . - many-aftractive features: °_ . _. .
L ’ o 1. It is a solar tcchnnlogy, dcpcn(hnk nnly upon the mLxlmustlbIL
; . ; L radiant e*hergy from the sun. !

-

o

_ _ 2. Unlike -most other solar ‘technologies, it, is proven. 'The photo-

- . Synthntm apparatus of theé green plant cell has evolved over hundnd#

) ) of millions of years jnto an thmordxmnly complex and efficient con

verter of sunhght into energy - stm‘gd m Lhcmlml bnnds of LJI’hO]lyl

) s drate molecules. .

‘ ' . 3. The i}ﬂl_y source of the tﬁuhnnlogy - the growing plant  dovs
: - ) not requir lerge quantities of exotic; rare, and sometimes toxic mate-

rials as do more sophisticated man-made solJ{-LDnverimn contrivances.
.4, Gnen plants obviously are self—replcmshmg and biodcgradable. It
‘is claimed that when plants are burned they produce relntlvd\ﬂ httIL air -

pollunon

Given the t;onmderablt: advantages of this technology, there is a
tendency to overlook its shortuomm;?s -First, thg present warhlwndc

BY CHARLES E. CALEF
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thnt it gln:ﬁnqe;vable that bioconver-
“siom
tion af the total. Its contrbution will
be Gmited- by the lack of some very

basic resomrces: land, water, and nutri--
ents. Second, even & moderate applica- .

‘tion of the process may damage valu-
gble biotic communities and other

o nntural :esaurr.zs espemally soils.

. mategial,

", ucts such as stalks,

* sible.- Examples ‘of- suc:h maodification

.. Tass  per acre-year would be antici-

The Energy Plantation, i

"There ase . wo - +existing general ap- .

proaches to acquiring biomass, or living
‘for conversion: Natumally’
" growing biomass. as in fofests, cam be
harvested; in states suchfas Maine'and

Vermont, which’ have low populations_
‘and large forésts, it has been g

b

rod-

that , naturally . _growing - bioi
expldited for fuel, Slm,, Ay, by-p

.droppings _havé been considered suit-
able for conversion to fu% for energy.
The other suggested approach is to.
create special energy
crop selected  foi¥8ts high prodaction
level iz used as a fuel or, feedstock
rather than- as'a food. This slternatwe
~ the energy p!antatmn = is thought
“to ‘have’ greater ‘potential because €o

moisture. contenty and plantmg

: :’m%

n ‘supply more than a tiny frac-

gested

aff, and animal i

farms where a’,‘;‘

trolled species composition, so@ nytri- =

»\. .
cnmpentmn fgr water aﬁd ,plant nutn-
ents, Planting the biomass crop could
be combined in one operation ‘with the
applicatign? of* fért At an appro-
priate interval after planting, a- side-
dressing of fertili \ﬂduld be applied.
. The hiomags crop would be hirvested
. by .means of self-propelled ;.arhﬁm:s
which would chop the biomass’ mtn
small pieces to facilitate drying....
Aircraft- would apply insecticides

‘operations per a:re-yea: wauﬁl .

nedlled across the entire plantati n
- certain instances%if would be feaszble
to apply these pEStldeS witi#he irri-
gation water. - hngatn:m water

ould a plied at two-week inter-
Vals ‘s
at;.d seven days piGW week, 12 hours per
. day. Irrigation activities wc:uld 'be per-
l'grmecl 24 hours'per day.”

The U S Enec'gy §ystem

Thg US. acquires energy princip
from fossil fuels, with minor cr:mtnbu‘
tions fmrn hydropower and ‘nucléar
es. Of the 72.16. quadrillion’ Btu
caﬂsum:d in the U.S. in 1972::56.5

#dy
fungicides when and where needed. It
: is assumed that an average of tw'@sun:h'_i_ <

ally

. The plantatmn would be oper- -

quadrillion Btu, or 78 percent of the.

‘total, went to end uses such as heating
'and - @ooling buildings, making " steel,

arvesting times should provide for Tieling vehicles, and so on. Of the 22 .
Fuch hgher levels of productivity thin - -percent lost i vaftous transportation
would " Gggeur “matdirally. The “Stanford and processing steps, 18 .percent was.
. R 5ean:h Institute has described one heat wastm:l in the generation of elegs!
h puthetn;al Em}rgg;w plantation” as ~ tnmty
follows:* . % of pamcular mtrzrest here _is the

“A biomass plantatmn would be nﬂ magmtudﬁ of the enérgy utili atmﬂf’

ively large in te erms qf conventional
4griculture, coveriflg pérhaps an area
fifteen miles square (L{H 000 acres). A
facility for gnnvert}ng iha biomass to
usable eneigy (eg. [a ED-ngawalt]’
,elettric power plant or gasification -
“plant) would be located 4t the center
of the plantation. Tlmll biomass cfbp

- which is impossible to conceptu
. unless ‘it is prrcs,%d in tgrms within
our’ expe
and, at the same time, ggin an under-
tastanding of bioconversion’s potential
#*contribution to the nation’s energy
" supply by.determining thg, amount«of
resources which would be needed to

twould consist of a eonglomerate of  supply this amount of encrgy by
species selected. primarily_on the basis  pholosynthesis. * ' ‘
of high biomass yield. . ... Conventional _Plants, by absorbing the radiant

fagming practices wnuiqi e used where
ipﬂmpnate or modified®to  exploit

ther pmduutmn potential or energy-

costs savings to the fullest extent pos

wolld ‘be the use of "no-till’ methgds
the harvest of roots and crowns . in

ated, an annual energy har-
vest"af 450 million Btu per acre.

energy of the sun and using.it to drivg
chemical syntheses, build up a store of
organic compounds in plant tissue or
biomass. The energy which. is re :
by the combustion of  these

com=

o

pounds, usually expressed as kilogram
calorigs (Kcal), is called -net primary

addition to aerial plant parts (annual production. The rate of net primary
a: ps), and the use of understory . .production depends on-the types of
crops. Yields of 30 tons of dry bm- plant species -and the hospitality of the

efvironment, Productivity
are expressed in terins of weight, such
as 30 tons per acre-year. Some net pri;

rates also

~° “Ther plantation operation ideally
@nuld* produce three crops of annuals..

per year. ... Before*planting, the fields
+ would: .bg a:,:!eared of weeds by ile -

“application of an herbicide to eliminate

mary production rates afe listed three
dlf[cr:nt ways in Table .
8 Land Requireygent. T;}blé | shows
that I; 54() l{gal p quan: leLf is thts

.E“
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forest, the type of
“in-New England an

- and Vermonf. At this raté, how much -
_lahd- would ‘be required to
72.16 quddrillion BHs,.or!

5 rillion  Keal, used’ annually
munlgﬂ The Squation

4 18.18.quadriltion Kcal .

18 quad-

?Sdﬂ Kcal per, sq meteg, per year - - :

:\:*il

) 11.8 tritlion sq. gters per year

31
entil U Sn%ihmh is roughly 3, 58 ]

2 much
ed jim .

-of forest
- CRergy a8 i

uld not pruduc::
being conm

W
the US: Theﬁﬁlatmﬂ is hardly more ' -

‘ispicious - Tor th.:
plants’in Tahlg 1.
wau{é require’
_.supply .all of our g.nggy needs, as tin-
be’seen in Table ™ s SUgAr cane,
one- of -the most .productive of all

;;E: productive
;of the plants

- plants wolld havé® to be. imtensively

' EIOWN QYer 48 million acres, or 6 per-
» cent of l.he tutal U.S. land surl'ax;e area
area. anly 2 ht ié smaller tlﬁm

- “m Water Reqmﬁ*menr the? kmcmnt of o

water which*must be added to soil by _

* tion of rainfall to suppert plant
- ?t %cpends ;r.}! the water{ltmldigg
cap ty of the, soil, thé local climate

, (temperaturd¥ humidity, and. distribu-

. tion l:i.annual p:eclpitation) and the
needs of ‘the i plant. Five

<. “acre-feet of water (waier five féet deep
+  [ef_acfe) per acre per’ y iz a typical
.wﬁi:, need for crops gro mtenswzly

e southwestern-U.S., an area sug-
_“wgested af ideal for an éncrgy piZntation

becguse of its mtense sunshine gad vast

Aruitoxt provided by Eic:

orest which grows
has heen cited as-
. 'a possible soutge of energy for Maige -

diice the

in- s

%n squage miles] Ghvnously flus type-

huge “Isnd areas _to .

- areas of puhh; land available thmugh
government subsidies. (Actually, ftven -
acre-feet - pgr acre’- per -yéar must be
" added, because some watér runs off or
.p:r;:arntcs downward ‘and is lost #o
plant ug.) Multiplying thé sugar cane
. plantations-acreage in Table 2 by five
feet we obtain 740,000,000 acre-feet
of water needed to irrig
to beé used %o provide thé annual U.5.
" energy reéquirement. - By comparison,
the mean annual . dischdfge of the
Colorado River, the largest rivér in the
region, i only ']
under ns%rai conditions — or less than
2,&: percént of the pmj:eted annusl
requirement,
® Nutrient Requirements. In addltmn
to sunlight and water, plants require
relatividy small- a?hgunts of nitrogen,
phasphorous, and potassidin, as well as .
.‘i‘thzr -elements and organic substancesf
1 trac ntities. On a national scale,
howevé¥, -these rmﬁersl requirements”

"

E]

are huge. .

te the biomass °

»300,000 acre-feet

wmeénts for fueling 'a 1,0
_(MW) electric power #tation, a huge

%

m;[‘m“‘

I

"1t is known that a 50-ton ‘cane crop
-annually’ removés “from the s0il 75 to
a0 pouhds .of am
60

unds of p Qgsphate (P;D )y and
0 pounds of pStash (K;D)
duce 18.18 guadrillion Kcal af 4. Kcal

. per %gram of cane requires 5 biilion

gtons of cane. Five hllhcm ‘tong "of cane
would require at Iéast fifteen billion

pounds (or ;7.5 mMlion tons) of notash

fertilizer, to take just.one nutrient
example, every ar. Tabl#® 3 lists
annual nuytrie requirements for'

potash, ammonia, and_phosphate. The-
annual number af 60? on hopper cars
hich would be needed to deliver all
these ferfilizers is 666,000 cars — or

about eightteen trains per day discharg-

iflg their contents intd gur hypﬁthet—
ical super—plsntstmn
. -

1000 Megawatt Equivalents

Clearly. n‘. would be | practiﬁai to try-
to, satlsfy all oy :_Jen ‘rgy requifements
4he use\of biomass. Short of
ever, thire js great interest in
the rm:re limited gbal of generating siz-
able #gmounts of electricity by.burning
bio-fuels. For this reason, it is instrue- -
tive to calculate tHe resmgge require-

facility but, nevertheless, the size that

- is now favared by some utilities. A:

IGQQ-MW plant working at a load
capacxty nf 80 percent ani an Effzz"a

§~ “resolrge . requuem:n{s of a bio-.

. fMass-buwnimg  1,000:M W~ plant can -be
determiined by muitiplying all the
fighret in the preceding tables by
0.001. For yexample® 4,560 quare
milek,  an’ ggéa almOst the size of
Connecticut, . ='1 be required to profh,

£

o ‘
K 3 & )

nia' (NHy), 50 to

To pro-- ¥

-megawatt |

i

o
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vide the cool temperate forest biomass
fuiel. At the
about’ 230 - square  miles.
needed for mteasively grown and har-
vested sugar cane, Water reguirements,
A58l mug ‘i acre

'tric plant,

74 mm.s lhu .uumlnl ul water used tor
uulmk durmg_ npum on of the gen-
1l nutrient re-

mu,,msnts g.,mg sugql vane, would
be:- 5,000 toi¥ of u"};lnia. 2%500
tons of phUSphd[k. .md ,SOO tons of

put.nh .

ruqu;n;;nc;ul‘f for -a-
1.000-Mw plapt are just as unreason-
able as are those for supplying all our
puwer; they would riquire only one-
thousandth of the resources but would
release  only  one-thousandth  of  the

power. To produce 1,000 Mw of elee- -

tricity by .bioconversion' for Vermont,

4 .
Six percent of the U.5, land surface would
bE required foF sugar-cane i’ll;nlannng"‘
cans were uisd t'o provide all of the energy
raads for ths countr

other end of the scle, -
would by’

-hn,l px.r auFe pef year -

gt, or about:

_sive  agriculture

for example, it would be necussary to
harvest  the unnual  productivity  of
roughly 4,500 square miles of its for-

cests - almost half s total ares, an

obviotsly*impossible task. .

“Impact on the Soil

An energy plantation, as mu,:lly can-
ceived, is simply an exten :
wnh s

relanee an
on, -.md uir—
FLH)L‘\ I‘hc Stunford R
qurt notes: *The ,ob;j
intation would be

gfeatest  amount  of
puer unit. of time and )
est possible cost, and with 2 minimum
of energy expenditiire,” The concept
hmmgss pldn!almn embodied in

to [’ﬂ’{!duu th‘

I

of subsidiary ones are derived:
is only* one efficient speed,
only one attractive destination,

ju.ﬂ‘w
Jarther gway; only one desirable size,

_the entife productive mechanism,

3 gl utudc One

faken to ‘prevent it,

-grder to m

smatter returned to

. source for

- gantinuous

% depletion,

R-65
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\ .
_blgger ‘only one rational quanmanve
goal, miore, On these assumptions the
object of human life, and therefore of
is to

remove . limits, "to hasten the |
changey to smooth @ut
rhythms, and reduce region
= in fing'. m p'mmﬁte mech:

llkL thus: of ﬁ
mu:ty ;ts;;lt are to produce :
to do so us fast and as cheaply as pos-
sible, it is ‘not surprising that environ-
mental impacts have been given rela-
tively little attention. Emphasizing. the
cleanness of solar power and. guided by
technocratic  ideals, those Tespousible
for biomass pl.ml.:tmna <Could cause -
ddual | ecological damage . of  great
forgm  this damage
unless  great  care ‘were
would be the pro-
pressive deterioration  of soil quality -
under intensive cultivation: In ordinary
agriculture the inedible parts of the
Ccrop are ultv:n returned o the soil in
tain a supply of organic
matter which LlLL..l)\ inte humus. But
in certain bioconversion technigues the

would  take;

entire crop, soinetimes vven the roots, - °

would be  harvested and
oxidized by

ultimately
combustion. Organic
the soil (humus)
has many functions: It is a source of
nutrients for plants; it improves soil
structure, drainage, and aeration; it in-
; the soil's water-holding and
1-exehange capacities; it enhances
mineral weathéring, thus reb
nutrients; and it serves as an energy
the entire Lﬂﬂlle]lty of
soil-dwelling .organisms.” All of these
functions will falter if the consumption
of  humus outstrips its production.
That this avould occur is guaranteed by’
the necessity of harvesting as much

biomass as possible, .on the energy
plantation. i
One of the major functions of

humus is that of suppiying nitrogen to
growing plants; in a natural state, more

¢ thani 80 percent of soil nitrogen is in.’

humus, (Experience has shown that
applications of inorganic

cannot substitute
rve.af orgagic nitro-
gen in humus. If soil humus gradually
disappears, as it will under.a policy of
na organic return to the soil, soil sirue-
aired and axygen dif-
through the soil will be re-
mrd;d As a result of this oxypen
plant roots will become |
absorbing  soil  mitrogen.

g dus;rv. Df iimrguum

nitrogen fE[[lllZl;l’E

efficient  at

it pmdudlvny th lu
ilizer being absorbed,

; mtmu
more will run




Q

E

Aruitoxt provided by Eic:

off the land, .

' sugar Lans ash
" valuable nutrients] are not large, and

RIC

and potential humin hgalth problems.®

Duflng combustion " ta _Eenerite
* - power, not only would organi

matter
be lost, ‘but the : ‘nitrogen in the woody
ussu:s.ewnuld g0 up in snioke, and the

" furnace wih. would. retain much of the -

phﬂsphnrﬂus and potassium. . If re-
tumed m the saﬂ this zish w:’:uld br of
, in
“the pmpt:rtmns laf

the plant foods, owing to the Jpartial
fusion of the ash are not ﬂ:ddlly avail-
able to the crop’

The loss of nutrient

and arfganic

-matter by combustion emphasifes the

nite superiofity of digestinig biomass
rather than buining it. Digestion pro-
dules liquid or giseous fuels and leaves
a solid sludge containing most of the
original nutrients. The sludge, though *
awky.ard to handle, is a rich fertilizer.

Breaking. the Food Chsin

One of the most basi. natural prin-
ciples is the transfer of energy alcmg a
food chain, Some fraction of the sun’s
energyr captured by a fores r
vested by, say,. h:rhlmmus i
which in turn may be mnsumr:d .
bigds. Larger animals may then pﬁ:y on .
the birds. Harvesting trees for . lumber

or fuel removes the resource base of all

the animals and plants in the forest
ity. By replacing a pnjijir: wilh

the LIIVEI’SE biota deggndtnt on pr irie
plants vanizh. In shon, by channeling a
large fraction of the primary produc- "
tion of the ecarth to fulfill human
ficeds, human beings destroy’the diver-
sity of the earth.

‘As E. P. Odum has pointed out,'*
the tendency in  natural dcos ’
dt:velﬂpmv:nl 15 mwsrd less pn::i 1

!
!'inely tuned ofganization.
dency in agricultur
or bioconversion
direction -
tion through monocultures,

The
intensive forestry,
in the opposite
ard maximum produc-
with their
well-known susceptibility to discase, a
manifestation of instability.

ten-

15

Summary

In the foregoing analysis, we have cal-
culated the -minimal resource require-
ments for growth of different plant
communities in two situations. In the
first situation, the resulting hiomass
W, uld supply all U%. ENErgy Iequ .
ments; in - the second, the hiomiss

would be used to tuel a single
1,0000Mw  electrie: plant. Our analysi3

shows that to supply resources fdr. the

sing water pallutimr .y

-each year; or, as an altgrpamc at |

" wopld have to-be turne

~pl.mtatn:ms S

fu'st sntuatmn wauld be impossible: All
the natural ‘plant produétivity of the
e:nL_rE"‘munuyi that is, from all the
planfs cqyering the entire land surface,
would somiehow have to be harvested.

of the US" land surface

into lnthsws

6 percent.

energy - plantatiohs, al
type -of plant. In addition, jt would be
infeasible to deliver mﬂlu;ms of acre:
feet of irrigation witer per year to the
vilarly, supplying the
666,000 rail cars of various
fertilizers each yuuar seems a far-fetehed
congept, ’

As to natural processes, it may scem

unimaginable that the equivalent of
half a mjllion boxcars of nutricnts is.
normally processed by -plants cach year
or that: MLJ,‘;:SIPPI-S];ZEIJ rivers of water
pour into vegetation, but such is the
vase. The process goes uanoticed be-

cause 1t is diffuse. Plants are every-
where, capturing sunlight, pumping
water and cycling Yutrients. Natural
gmwlh msy brz sla hul it oceurs

fnrcs in th wurld
I hmmnvcrsm,l is appmdchcd with

dn awareness of the natural resources

required by plants and the soil, water,
and community resources dependent
upon them, its practite need not be
malignant. It is only through sound
bandry prdcticed by those who
't the technacratic ideal of more,
:r, and cheaper that bioconversion
can become a useful, benign source of
cnergy.

‘Nevertheless, given hioconversion's
inevitably small contribution to energy
production, would it not be wiser to
do without the small amounts of
v;m.rgy 50 pmdu, d and save lhc land
ce, if
gll aulumgbllgs in !hL‘- mumr.y were
fitted with manual transmission and
radial tires, we would save over 2 per-
cent of our current total encrgy use —
a figure bioconversion would be hard
pressed to match.'' The same amount
of energy could be produced by digest-

ing farm wastee prior to returning
them to the l.md
Natural in their natural

state, support a 1d stable com-
munity with all its attendant funumns
Eefv;m, we ghvcrt more of L

we:
sho d be aware that the life-support-
ing systems provided by these re-
sources can be destroyed. |

The rtle uj this grmiﬁ usﬁu'ag_ﬁalLr
submitted was An knwrunm nml
!in,lqu(' aof Solar Puwr;r by ‘Biocon
' The publisher .:md z'duu_r: of
ironment are responsible for the
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Photosynthetic Solar Energy: Redlscovermg Bmmass Fuels

Firewood is still a familiar fuel in much
of the United States, but.somehow it
does not come up in discussions of na-

- tional energy policy very often. Yel

wood was the primary U.S. fuel only a
‘century ago and is still the main source
of energy in most of the developilg
world. As recently as World Wa;;l.
Sweden, cut off from oil imports, deri¥ed
virtualty all its fuel from wood. Since the
Arab. oil embargg there has been re-

cant -’p«:ssibiliti:’s The remaimng eﬁ‘ﬂﬂ”

" pects fcn' conversion of bmmass to liquid

-newéd atténtion in-many countries to the *
energy pﬂlEnllgﬂ of diverse forms of bio- ..

mass—wood, sugarcane, algae, and even
material produced by amﬁcml photo-
synthetic processes.

chrd and dry crop wastes have an en-
ergy content of 14 to 18 million Btu per
ton, comparable to that™of Western
coals. Raw biomass contains virtually no
‘sulfur and little ash, hnwever and ex-
cept foy some difficulties i in handling it is

This is the ﬁﬁh in a series of Research

. Néws articles examining ‘recent devel-

Qplnfﬂii in Sf}ll‘]r Energ}

as easily burned or gaslﬁed as cnal Other
chemical and biological conversionygch-
niques exist (oo, most notably fermeNs
tion of sugap-gnd grain -crops 1o ethyl
alcohol, Efd anaerobic digestion of wet
biomass wastes to metharie. Thus bio-
mass is pmzmially a rgnewahir;- smiﬁ;e cnf

fur.ls for whlch deESUL S0Urces uf lhe;r
fossil ¢ounterparis - are mgreasmg]y in
5huﬂ supply

uf sula,g energy in use in ihg Umtgd
States. In recent years nearly half a mil-
lion modern woodbuining stoves have

. been sold—an installed energy capacit)

that far outstripk all other direct and in-
direct solar enErgy%dE\r:.:ES The wood
products industry now derives an even
larger amount, 40 percent of its total en-
ergy needs, or about 1 quad (10" Biu}
from burning bark and mill wastes..Sey;
eral récent .studies done for the Energy
Research and Development Administra-
tion (ERDA) suggest that anr
tion of biomass fuels cold conceivably
reach 10 quads by the year 2000.

Except for analytical studies, how-
‘ever, thi federal enefgy research pro-
gram has-largely downplayed the biomass

" ERCDC went ahead, A

a4

al produe-"

‘option. The ERDA biomass effort initially

P

focused on municipal wasles, & choice
that is now generally cnncedz:d tohave
dl%lﬁl';“:d attention from more signifi-

b
CL [+

and gaseous fuels and has been meagerly

pared to more lhan $300 million for coal-
bsSEid 5ymhetic ﬁ,mls Diretl mmbusﬁnu'

ucms appear m have bc:ﬂ ﬂEglEElEﬂ

e been

State and pnvale,cﬁ‘gns h

‘more aggressive. The California Energy

Resources. .Conservation and Devel-
offment Commission (ERCDC) has re-
vived a gas producer copied:directly
from old Swedish designs. According to
Robert Hodam of ERCDC, the gasifier is
capable of converting nearly any kind of
dry_agricultural or wood wastes to low-
Btii gas with an efficiency of 80 to 85 per-
cent. The gas can be burned in a boiler in
place of oil or natural gas, Although ER-
DA rejected a request to co-fund a dem-
onstratisn of the device on the grounds
that - it was gl sufﬁclenlly novel,

‘test unit ata
mond-Sunsweet walnut factory near
‘Stockton, Califarnia, has operated so
successfully on walnut shells that the
company has Begided to build a largeny
¢130 million Btu per hour) gasifier to pro-

vide all its energy needs. Based on bids

“alrea rgcewed the ;‘Dmpanﬁ expects

the gas to cust about $1 per million Btu,
less than half the cnsl of the natural gas it
now burns. ’
The demonstration has generated con-
siderable interest in- dozens of other
companies with ~ substantial biomass
wastes and a major farm equipment man-
ufacturer is planning to build and market
them for farm applications. Hodam esti-
mates that in California alone, where al-
ready collected lumber and mill wastes
exceed 5.5 million tons per year, the gas-
ifier has an immediate potential for dis-
placing 0.1 quad of oil and natural gas.
The overriding uncertainty about bio-
massEnergy is the extent of the resources
that are or could be available. Those that
can be used immediatély are small com-
pared fo the 75 quads of energy now
consumed by the United Stafes every
year, and biomass cultivation for energy
on a-large scale may not be ecoriomic.
Moreover, most agricultural scientists
believe that energy uses of biomass must
cuexlsl wnh néeds ﬁjr fu@d and ﬁbcr sn_

not be avmlable gxclusm‘:ly for engrgy
crops in the United States, although
v R-67

74

they may be in th[ countries such as
(-S(;‘lfl_‘!fe.

Brazil ! 1 Febmary 1977

optimism among bic\mass analysts t,,hal,..

- ’substantial amounts of energy could be
available even
‘wastes, and from field, tree, and aquatic

in this country from
crops.

According to a sludy dune for ERDA
by the Stanford Research Institute, 277
on tons of U.5. agricultural residues
are potentially collectable per year: an
additional 26 million tons of manure
could be collected from feedlots. Corn
stalks, husks, and cobs in particular are
regarded as readily available in quan-
tities that could produce as -much as 1
quad of energy in corn belt states that
now consume large quantitites of propane
and liquefied petroleum gases (LPG) to
fire crop dryers and other farm equip-
ment. '

Sugarcane and sweet sorghum, as
well as corn itself, might prove to be
good energy crops. A study by Battelle
Memorial Institute concluded that there
might be a substantial near-term market
for industrial alcohol (ethanol) fermented
from these materials. About 300 million
galions a year of industrial -alcohol are
now made from ethylene, which in turn
is made from natural gas or petroleum.
Battelle's estimates are that biomass eth-
anol from a full-scale plant could sell for
%1 to $1.25 per gallon, compared to about
51, 15 p&r gallcm fcnr ethannl fmm Elh-

B;mellg lhe study dl;«;mr. further cost
reductions in biomass ethanol are pos-
sible if the processing equipment could
be operated year-round dnd not just dur-
ing the sugarcane harvest; for example,
a mill could stockpile molasses. a sugar
by-produé¢t, and ferment it when the
cane harvest was over, or use sweet sor-
ghum, a high-yield tropical grass that can
be grown as a second crop in suggrcane
areas. There is also growing interest in
the idea thata second. energy-related

-market could help stabilize U.5. sugar

and ‘grain prices in years of plenty-—a
concept that has worked well in Brazil.

Some investigators have proposed that
biomass ethanol can already be made,
cheaply enough to compete with gasoline
as a motor fuel in some paris of the
United States. Large commercial facili-
ties'to pn:u;ucé ethanol for blending with
gasuhne are uncli:r :umlderatmn in Ne-

X



‘spoiled or poor-quality corn,

~afd in
Hawaii, where fuel prices are high und
sugarcane is abundant.

Forest wastes in the United States are
nearly as large as those from agrivulture,
They total about 24 million mna por year

. in unused mill wastes and 83 million tons

i

left on the ground in the foredts with cur-
rent harvesling methods, according to a
recent report by the Mitre Corporation.
This report concludes that as much as
4.5 quads of energy per year LUlIId be:
pruduud on just 1} percent ot me ldl:
forest and pasture lund with wqu grown
close-spaced, short-rotation -tree
* farms u ng poplars, fuuglyplus ur other
high-yield sp:uu :

The forest prmju; 3 'nduslry does not
yet think of itself a5 a potential encrgy
producer and some industry, spokesmen
are skeptical that biomiass in the qu.mmy
proposed in the Mitre report cun be pro-
duced without cutting ‘into .the’ tiftibér
and paper markets. But. a feasibility

sludy done by lhr: Fun:sl Prqduus Labo-

,,,,, ,,dusiry g
ready producing 60 percent of us own
energy ncéeds and concludes that the
U. S fnﬁi:sl iﬁduslr‘y Luuld cume close m

lhal the Sw:dlsh fur‘:sl

lng wash;:s ;\,!Dn:-a dcv;lumm:m that

would expand present production from 1°.

to almost 3 quads of biomass, energy.
Experiments by Claud Brown at the
University of Georgia hreslry scheol
show that syéamore planted in rows :md
harvested at 5 yeurs of age yield 10 m 16
tons of biomass per acre per vear, lhn:e
limes the yield of traditional long- -fola-
tion silviculture, The yournger l_!'
prove easier to harvest with mechanical -
equipment and are bf suitable quality fo,r
either energy or pulpwgoduction. Bruwn
also points out that the Pag dlﬁg and ge=
netic manipulation chhmq, Y
to modern high- yield g.auns’ are nnly)uil
b:glnnmg to br: appln:?:l to furuslry 50

more lh:m a duub]mg in yisld! c:__;n bc ex-
pected. Other- investigitors pojnt to a
hugE unuszd rtsar’\r: of wuudn—éxtzzcd-

1 I sptnes or -

d;segs:d ln‘:es if l}meslcd‘ this biomass -
m-.

cnuld ,hav: a mauur near-term lacal
I ngland,.:

A third nmnr calegl}r}' bf, pnlem:a]
bm'aﬂ LESOUTCES 18 +aquatic plants,

- “kcal/mole. But only about 4%3&

ich led i ‘producé hydrogen from water-

:have been conducted,

protein and may lend themselves (o the
Joint production of energy and tood. Wa-
ter hyacinth:. a rapidly growing plant that
now cfbgs many inland waterways, has
also been proposed as a potential feed-
stock fc)f meiha’né pmdutlinn

Howard Wllcm( ﬂf lhc NdVdI Undersm
Center in La Jolla, California, is to grow
hugrt: rdﬂs of kelp in lhe: npen ocean as

Ghmnu.als Ta 1 ed lhe k:lp nulnsm—

. Biu. a target that many investigators be-

L]

%ﬂmﬁzr would-be pumped:up from the

o levels-of the otean, Fhe proposul
af‘atlrautd thé interest of the s pipe

industry, which'js helping fund -pre-

liminary research. The Pproject may face”
envirenmenial objections, however, be<
6 waler is also. fichyin -

ficial up- 4

cause deep-otea
Ldfbﬂﬂ «jlmude %0 lh:\t the art
wel]mg ‘would by vge: cslimate release
-three times as much tarbon ‘dioxide to
thc dtmusphzre perunit 'of cngéy -g;um‘;d

as would 'the burning of & cbmparable-

amount of coal.or ml

An ‘alternative approach o blofﬂa‘iﬁk

nergy is to ry. to improve ‘on' the effi-
iency.of plants as photosynthetic :ﬂ}lﬂr
Env:rgy collectors, Tfu‘:

which Melvin Calvin of the Umvefsﬂy of
California at Berkeley describes as *‘the
best. most efficient solar energy:device
we have today on a laige: scale:”” Quanta
of visible light converte
cally to chemical bonds n:prr:sr:nl S0 to
90 kll ’ah:vnes -per mB]E of captured;; ]
ergy, wheréis the’ same quanta cgy
as heat at 700°C. reprr:sr:nls ogly g

;the light reaching thé cane js used ir
lh;ynlheﬁls To overcome this)
Ciuvm is working onthe cor
an amﬁcml membmne system

ldtlnglhe phmosyntheuc progea

that nmﬁcml phmﬂsymh'l’c;m&
ay; be achievedble within 15 .
Ei:sr te mnoviuve ideas and

sylem's are sull
few experimental
quccia}ly )
- Crops grown for energy production, gnd
most cost t:shn;ates are bssgd on amlyh-
cl studies or ar trapolatéd from out-

+ ~William QOswald uflhr: University of Cul-  moded Eqmpm:nf These prehrﬁnary es-
éeL ifornia at queley h.ﬁ pmpus:d gruwmg

o &hgs
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blue-gregxn - 0N SEWARE | :
obtained yl:}ds uf lﬁ”uﬁilum ufé:y
€ar., Alga: ,m:

hmma.sg T RCTE
readily: g%lﬂeﬁ:d ﬁ%

. bie dngﬁuﬂn but’ é}ﬁr i

s,
it " -
¥

.

'xﬁh:

“Hmates are- entouraglng hnwzvgr and

sr::ms certain. tor increase as supphcs Df
oil and gas dwmgil: and costs fise. '? (Nx

E_;l sustained
ylelds re poﬂed fur any planl dpproach 50 . dss
tons. per acre per’ year “for ugarcaﬁ&#f

phmpsynlhzu- )

W]

Ny prm:r:s SIng Eas;l
‘eries—and cvp’le tri

. menit of. Ei“lergy (DdEi is’

’érs dnd foresters i d|ﬂ’é:fénl re
thay, dhe DRpartment of, Agriculture
. which does “hgve sicha hftwgrk has no-

lieve cun also be met with biomass sys-
tems capable of Lirge energy yields.
t)ne d\FL‘U (lf' !he F’RE}A prugr,un fur

cerns miny blumﬂqs qucmllsls i5, pam—
doxically, its focus solely on energy,
‘They point out that in the United States
biomass pruduction is so embeddeéd in
the food and fiber industries as to make.
multiple use of biomass resources the
most economical approach. Lipinski, for
example, pomts t6 the potential of using
COrn as a ftedﬁlm.k for alcohol produc-
tion ~corn hiisk’s ‘and stalks as fiber for
paper prciduéli\:n or fuel for grain drying,
gnd lhe prm:l -ncﬁ s‘mlage lEfl over

ready bgmg pur-
ﬂ’herg is s Yet no expe-
nding for integrated
s=biomass’ refin-
§ doubt that ER-

‘Sued 5@31”;1!&
ridhce whl_) and no

DA or lplﬁp

i slliutmnaﬂy ;
ciipable of such an mtegrﬁledlnp oach. -
p pr

They note that DOE does: not haVe a net- "j v
anrk nl’ ﬁr:ld slalmm capable af te snng. s

charter.in the energy field.

: tha_nﬁw Depart- .

ions afd .-

One npvel idea for a biomass reﬁnery N

is that pfeposed by Michael J. Antal, Jr;

of - Princétdn Uﬁigrsny He suggests: -

pmducmg 1ydrogen from organ
with steam gsn:rah:d by salar heét con-

nergy cnnlem 36

kwould have ar @
| ha (;lff{he raw’ bm-" '

nt greal:r lha‘

5 efﬁtmncy of ¥

quitaus re

has been | g pew ide
" for haow o tapsl 131 are appenf

ing at a}j’apld rate an rni“ny of them may™

be a Fabh; in the neaf term. . Before
the §in tes ig faced with the neces-
suf‘n \%ﬁml‘ﬂﬁlmg hundreds of billions of
Y -mm fossil-based synlhem: fuel-
industry,.
explor

juch more thoroughly wh:thr:r

»,bmmasgfuels can also play a major role.

—ALLEN .. HAMMoOND

‘wastes

iy "would be advantageous 1.,

al and bm\rﬁas,sZ -
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ABVENTURES IN ALTERNATE _ENERGY

A menfhly samping of ﬁfqacfs PS'readers hava
devusad fcx ccnsarve c:r replcf:é ft::ssd fuels '

v hén it cames tn hnmegm“m en-
erigy. When we featured his fire- .
lace heater in this . series . [PS,
guiy ‘?5]?’ we ’WE!‘Eﬁt aware thﬂt' '
3 thh apgavid crafts’ "
: nmri whn Jis tut ning 't ifs ranch - on,
" a porthern E‘ﬂhfarnm hxlynp into -

Ovér the months, {#e’ve beenizéd
<of ph::itus (F erﬁhgtan‘l’s. a

C'nntmugd

c,lgze

¥ and spacing of V grooves cqppar* 15 s'
virlad (compare drawing and . and ﬁnupllngs and- plywnudg(apti al).
hnwﬂ 4.by-8-by-114" bead- .. Also neaded: a 78-by-43-in. sheat of 24-
pghels, 17 tubes of 80- bv’;i : ;gagge galvamzed metal. and ﬁberglass

S R 59

. gluE

‘beadboard strips to flat beadboard
panel driving in 147 wood dowel to hghj
sug:;[aces togather firmly

)




. gfmd' metal held togsther w h
-shaet metal screws. Yn, may fmd this
sasier to kasp i

spraying cover with mols-

it such as Sun Claar In -

famad ;rgg sﬂv; clear on
xt day. Heat-ax-

 (bottom) holds 80 gatlons. ,

shows lntnmplata in
rh:ks are later boxed In .-

Flp-: -
in shest

Joli o

'idlﬁm \"J grnmfu i
late. If the copper-
J m_,ln nrggt ’

Dlagrnm shuws ﬁaasibla setup, Iin" g
three 4 8 solar panels into a conven-

tional hot-water systeri for. backup. .

*.Check valves permit solar collectors to

be bypassed at night or on cloudy. days,-
when you d draw on smred watar Pras

' damgge in case of steam bullﬂup, For

most American climates, heat-exchange

system* % recommended.
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topnotch in&ugtrisl photographer)
of solar pool heaters, solar green-
houses, solar water heaters, stor-

age tanks, piping, heat Exch&ngers

tegted by this do-it- yuurselfer.

We 'askeﬂ Herringt@n to shczw
tpsbglld c:ollec;tur that a typmal
thEﬁWﬂEl‘ could: put tcgether with

in phﬂta 1, cost exactly 5160,7.3,‘ '

wholesale; assembly takes a few.
hours. _ ‘
This model is by no means Her-
rington’s first version; and we're
ssure it won’t be his last; he sees
solar research as an evalvmg pro-,
cess, and is always making innova-
tions. His first 4-by-8 collector,
built last year, was little more than
a plywood box with a flat metal
plate to which copper tiubing had
been soldered. Later, he added fil-
lets of heat- transh ;;&&nent to im-

up w1th the ldea that% the ba%ls
for the collector described here: In-
stead of merely soldering pipes to
a flat plate, he reasoned, why not
first nestle them in V-shaped
‘grooves?

At firat, he used individual strips
of :metal, crimped V's down the
center, then screwed thém together
{photos 5 and 6). A much simpler
method is shown in photo 4: You
can ask a s’heﬂ metal shop tﬂ

LY

HPELS glven in our drawmg

The original plywood box has
Eiven way to one made from steam-
expanded polystyrene (beadboard),
which costs about $10 for a 4- by-

ginton's elab@rate syatem. a Ronn—
oke, Va., experimenter, working in-
dependently from previous PS8 ar-
ticles, has also been checking out
solar water heating.

Photo and diagrams illustrate the
42-gq.-ft. aluminum collectors that
Field installed on his due-south-.
facing roof more than a year ago,

It’s a trickle collector: Water flows

directly over a corrugated-alumi-
num surface backed by .a slab of
insulation--turn page for assembly
sketch. (At. press time, Field fe-
pﬂl‘t!ﬁ some SUCCess w1th a new cap—

Matenals f:jr the alummum l;l]lt
cost Field about ?5300 He reports
average monthlv savinggef $7° (150
to 165 kw shaved. off his power

-8-by-114”. panel.

s - facing roof; or,

‘my climate is simple,”

(Herrington_ also
recommends. Celotex’s Technifoam,
slightly more expensive, but more
durable.) Edging for the box is a
14"-wide stri it from another
headboard pa,nel\) glued around the
perimeter (see photo 2). An inch.
of fiberglass insulation (photo 3),
avoids any danger of the bead }L
[&)

board melting due to the heat

the pipes.

The 4:by-8 Sia{E was chosen tu
rials sizes. (_'Qpper pipe ‘comes in
20¢ lengths, which can easily be
cut to three 80" lengths. With re-
turn_-bends or street ells added
(photes 4 and 5), the piping as-
sembly should just snug into the’
beadboard box (photo 7). “Before
inserting, thgugh, clean all ‘surfaces
thoroughly with soap and water,
then cover, with a flat black paint.

Herrington, doesn’t think double-
glazing is. necessary in his climate;
it would prevent conveetive heat
loss more effectively in colder areas.
He single-glazes with Kal-lite pre-
mium fiberglass cdver (.025” thick),
bolting it in a frame of plywood
strips and sealing it with butyl-
rubber silicone.

From collaector to system’

The diagram is Herrington's pro-
posal of how a three-panel system
might be hmked up tn pmvida hﬁt’
els can Ea-f-.lly be plaﬂed on a suuth—
if you have the
space—as Herrington does--mount
them on the ground or on a fence.

- “Summer heating of hot water in
he tells us;
“a 32-sq..ft. collector should sup-

bills), so payback time is abbut
four years.

As with Hérrmgtnﬁ s system, thlE
setup needs a heat exchanger: If
an aluminum collector is used, it’s
a good idea to mix in water inhibi- .
tors to prevent corrosion. Field re-
tains his electric water heater as a
backup.

Collector assembly

Field chose aluminum over .cop-
per for its. lower price, and-a. 3"
by-16' collector size for the con-

.venience of using standard-cut lum-
‘ber. A basic box is first made by

nailing 2-by-4’s to a sheet of 4-by-
Bxby-i/ plywood. .Next, add a
114"-thick layer of insulation. Ini-
tially, Field used Styrofoam, but
'? Continued

e

| :

ply all my needs. Winter -is a dif-
férent matter; I need at least 90
to 100 sq. ft. of collector.”

. Herrington uses the heat- E‘xéhang—
5upply of water on Llnudy days
and at night. Also, since he uses
a water conditioner to prevent rust
and foam® (Rust Raider Heating
Systemm Conditioner), he must

keep his tap water. separate from

the water that is pumped through
the system. .
Performance \ !
In winter, the preheated water
may leave the heat exchanger at
; on a sunny summer day, it
might be as high as 130°. Space.
doesn’t permit us to detail all the
careful
ton has made on his system. He
would rather err on the side of cau-
tion, so intent is he on not making
any unwarranted claims.
-Some figures he sent us for the
middle of February are instructive.

During a week in which daytime

temperatures ranged from 50° to
61°, he reports tank temperatures
rose by 40° to 50° each day, when
the solar system was- working
(from 80° to 121° the first day;
frv:rn IOOf‘"tn ]fsﬂﬁ thé next) Thifi
Btu per " hour per square foot of
collector.

Further performance data are in-

cluded in a‘data packet Herrington -

is offering for those who want more
information. Send %5 to Ken Her-
rington, 769 22nd &t., Oakland,
C'alif. 94612, If you want to ask a
specific question (free), include a
stamped.¥yeturn envelope.

monitoring Ken Herring-

&
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now remnunertds using fiberglass.
Atop the ‘insulation goes one
sheet of temper-rib aluminum roof-
ing painted flat blagk. A collector
‘pan at the lower end leads to a
%" PVC drain line.. The entire
collector i3 covered with. double-
strength window glass.
. A year ago April, Field was ready
" “to test the collector, using a tem-
‘porary ‘five-gallon tank. On a day
when ambient temperature -was
42°F, he was able to heat the five
gallon-._’from 55° to 120“-‘ in -90
minutes.” . ¢
Problems b c:l{ludEd h1m though.

E ‘( ﬁndenss,ion blotted out sunlight,

‘and the- aluminum surface became
discolored by water passing over

pcp=r1vet1ng another sheet of black
alummum over the existing one and
running ‘water between them.

What good is that sun-warmed .

water if you don’t have it at night,
.0r on a rainy day? Insulated stor-
_age' is the answer.. Field .made a
100-gallon tank from two sheets of
4-hy-8-hy-14"

top, bottom, and four sides with' two
inches of Stymfnsm Later, he de-
cided to add six-mil pclyethylene

up to the water line inside - to pre-

vent leaks. For a heat exchanger,
tap water is run throuigh coils of
34" copper pipe submerged in the
tank; this preheated water then-

Nebraska DIY er bulit a freestanding unit
in.his backyard and linked it te his home
plumbing with underground piping.

This project is unique in sevaral ways’
AIr, not water, is usad as the heat-trans-
fer medium; the 48-5q.-ft..collecter sur-
face is miade of 600 aluminum bear cans
stacked in a wood A-frame, structure;
bensath it, a 180-cu:-ft ;undargn‘:und
storage pit acts as a "heat'trap’’ for the
heated water: B

Economics. 5nell figures he saves
about 300 kwh pér month (more in sum-
maer), far an average monthly électric-
bill reduction of about 8 to 412, Total
material costs, Excludmg labor, came to
93 per square foot (about $150), so Snall
axpacts to be home free in less than twe
yoaars. ’

Construction. The pit is 4° wide, 9’
long, and 5’ deep, Its walls are of hollow-
core clay tiles (4"-by-8”-by-12*) lined
with Styrofoam insulation. An 80- gallon
galvanized steel tank is buried under five
cubic yards of fist-size rocks. As water
leaves the tank, it passes through a 40’

heat-absorption coil befora entering tha -

50 gallun EIEEII’IE ‘hot-water heater in

Abt:wa gfﬁund the collector housing
is made of 2-by-4 framing lumber and
4" exterior plywood sheathmg Snell
emptied all the aluminum .cans, paint-
ad them' flat black sunside, and white
bottomsida, then stacked them in rows
with alr channels in batween. The hous-
‘Ing Is double-glazed with two 24*-by-24~

=3

Aruitoxt provided by Eic:

If y’m;r rm;\f isn't oriented to take full
advantage of the dun, don’t despair. This

arv¥as:
FO&kdt &
IRBULATIOM ‘

THERMOBTAT
COMTHOLLED

I

NN===C == S T
l%. = ) TER =

parfsls of common window glass. with
33" air separation for each section. The
cullect_ur is oriented due south at 35°
from vertical, the proper angle for his
latitude.

A “4-hp, 1725 rpm  split- phasa fan
circulates heated air through the rock
pit: it turns a direct-drive six-inch

squirrel-cage blower. with suction and

exhaust ducts.

Perfarmance. Snell is quite satisfied
with outpiit.
tinue to be'in the 125°-135° range, de-
gending on quality and.quantity of sun-
shine,”” he reports. But after one 10-day
sunless period in December, the* storage
tamperature dropped to 55°, the same as
the input water.

For specific questions, send a stamped
return envalope to John R. Snell, Route
- 1, Gratna, Neb. 68028. .

w70

.- R-72

1-solved both problems by

plywood, coated the:
inside with fiberglass, then wrapped -

“High temperatures con-

‘ded av‘erage tank
127° on-all-sunny’
5 in early December,
i February, with_the
Ebllector added (which
B original Size), late-af-
ternoon ta temperatufes génerally
ranged from. BO“; to 130°, with a

peak ﬂf 142“ on Feb. 27" (ambient

, 70°). Field’s electric

hr;-ater was nat used at all from
Feb. 10-29,

For- g specific question, send a
stamped, return-envelope to J. Don
Field, 4601-A Renfro Blvd., NW,
Raan@kg%vg. 24017,

What started as a de-it-yourself project

two years ago has since blossomed into
a full-time solar distributorship for Ron
Hannivig (turn page to next*article). The’
tank /coliector module described here is
the original homemade version that any-
body can try.

Tank and collector are exposed on the
foof, so0 it's a natch for Hannivig's
Florida: climate. (For colder locatians,
_use the heat-exchanger systems, such as.
Herrington’s or Field's.)

This-system waorks on the thermosi-
phon pringiple, thus eliminating the need

" for a circulating pump: As water in the
collectdr is heated, it expands, rises, and
passes into the storage tank. Denser coid
water then fills the collectgr, and the
cycle continues as lang as the suh keeps
shining. .

Naota that the phmu shaws two 40-gal-
lon tanks: one standing and one lying.
‘Lecal buiiding codes made this setup
'more  practical, “though the drawing
shows a single vertical tapk; which can
be a full 80 gallohs, or as big as the
system can handle.

-Economics. Cost of materials for the
collector approximated $250, and the
tanks wera purchased off-the-shelf far
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$150. Estimated pay-back time is about
threa years."Hannivig reporta that during
tha balmy Florida summer, his system
can provide up tg 95 percent of his
family's hot-water requiremsnts in win-
‘ tar,.up to 65 percent.

Construction. The wood- frsrne Eﬂl-
lactor- covers 64 sq. ft. (fwo 4'-by-8°
panels) Insulatad with 1%4” of urethana.
Threa-quarter- Im:h copper tubing  (see
diagram) is T- n;_ﬂﬂnan:ted and mnunted
on top 6f the urethans.
shown, sand was packad aruund ths
pipes for heat transfer (seas .detail) and
spfayed with a stucco binding agent.
Assembly. was then painted flat black.
Fimally, 14",-float glass was silicone-
bonded: to the sides of the frame for an
“affactivly weather- tight g’lézing.'-' Pras-

{=1:} BaAMD

con-

ventiofa ,_Ectrh: heater to kick i at
130°. | s solar-heated water gan-,
erally 3 at 136°-140° durifig the '
day. -

" For question, sand'

* stampé velope to Ron Hanni-
vig, 2% 5 Key ﬁargg La:, Fort Lauder-
dale, ba. 33312 % -

. on T PEL

1

Why allow fual hllls to dampgn your va-

cation? This "‘summer” Heater is the
least complicatad of tha five presentad
here. Spai:iﬁcally, it's daslgned 10 sup-

‘plamant an existing electric hot-water

systam_from ‘March. through November
at a vacation_ home on tha Dalaware

coastilne, where tha mean annual sun--

shine totals about 2600 hours. Copper
was chosen to.offset the eflects of salt-
laden air. The system is not freeze-proof,
king a heat exchanger, ° =t
Once again, the thermosiphon prin-
ciple is the key (sea Ron Hannivig's proj-

- act, at left). A 4'-by-B’ collector ganel =

HOT WATER
FAOW ROOF

fhr@ugh Thé-'WCIII callec:fcur

{

preheats. water that's siphoned to &/ 30-

gallon storage tank ceiling-mountéd in-
doors, sevaral faat above the collector.

Economics. West ‘investad ' about
%200 in materials. His heating figures in-

, dicate a gain of 13,000 to 18,000 B

per day, for a total savings of %40 from
May through October. Break-even tima:
about four to five years. - S
‘Construction. For the collector panel,
West used two 34" copper headars and

T-soldered tham at six im:h intarvals to

gixteen 14"

" fastar ‘water flow, the risers. were da«

signad to. run the four-foot width. Pres-
sure-test this piping befure prﬂ:eedmg
as West did. -

Naxt, solder 6”-wide cnppe,r ﬂashlng

‘strips to the back of eachris zdt, wsing 50-
. 50 lead/tin solder with a good flux. Heat

three to six inches:at a tinve; and apply
pressure.with a wood block as the solder
cools. Clean the panal and paint it flat

/ :R=73 . oo

80

-tank was -ceiling mounted, wrappad in

. boxed:with 147

SOLD WATER
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TO FREVERT COMDENBATION

black. Finally, mount the piping in a 4"
by-B’ box made of %" exterior plywood
tD which you have added "Iab’y -4 Eida

sides 'with ane mch of urethane-foam i
sulation. A 30-gallon galvanized water

four inches of fiberglass insulation, and v
plywood.
Performance. In a week-long ev’aluae

“tion in mid-July, when water demands,

el

. return envelops to Pater Waest,

were greatast, West reports that the
system-peaked at 115° in mid-afternoon
(original water-in temperature was 70°),

‘and stayed at 95° {hrough- 7 p.m. even

with demands from washing’ machine
dishwasher, and showers.

For specific questions, send a stamped
12901

Melvilié Lane, Fairfax, Va. 22030,



 ADVENTURES IN ALTERNATE ENERGY
A monthly sampling of projects PS readers have
de,ylsed to conserve or replﬂr:e fassu fuels

~John DesChenesl
L .Corrugc:fed plc:’re . -

dn nt blm:k view, L]ﬁda Des thnes.
aldad pfmarst b

i
" By EBWARD MDRAN

Mﬂtivatéd; by a Fﬂmrmtment to ap-
propriate’ technalogy, New. Hamp-
shirite . John Des Cheries designed
this fpur-by-16-foot. window collec.
tor to achieve direct heating "(ne
.storage) of his living room. He’s
built more sophisti téd mllecmm'
but. feels thia typ# can generate
quick payback for the typical
handyperson . disheartened but not
disarmed by rising energy’ costs. .

Built for just $75 'in materials
(that' $1 17 g square fmt) the

~ New England where 7000+ E.IHILE]
. degree days do not come cheaply.

“On sunny days,” says Des Chenes,

“an engineer with a graduate degree
in the field and technical director
at a paper firm, “the living room
is kept -at 70°-78° F from approx-
imately 9 a.m. to 4 pm. by the’

cﬂllectm; alone.”

anstru:tmn datails

"+ To form the basic box structure,
Dés Chenes ‘glued ‘and nailed 2x4
spruc:e strips to Phe ‘perimeter of
two 4xB Sheets of exterior-grade
plywood.” He. ,then attached & 1x4
rib ‘to the. CEﬁtEl‘ lme ‘(see small

# " Continued
. sk ey

| GEMD ANE B
— FLAT

Warm air enters living room through ;r“"\m v
plenum box that snugs under window,

which iz weather-siripped at all contact' el A
painis, Cool alr near floar is sucked into
plenum by two 14: wan computer- type
whisper fans; heated air 4han enters Hy-

' * . Ing room through chambar at left Tred * BLUE e
arrow}, Thermal switch'ig return ‘plenum o ;"
actuates fan when temperature of air in SRR

collector reaches B0 degrees. Fans shut

off  automatially In late afterpoon’or -

éunng eloud cover. ST == | CESRE SEST
’ .

Aruitoxt provided by Eic:
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- 36-in. 9-mil a
"ing plates that had been discarded

/” ER

Windnw Gaﬂac!ur

[ C‘antmued ] :
-3

photo near cunstruchcn sketx:h) to

‘act-as an airflow -baffle and.a.sup-

port for the double .glazing. He -
glued 3" leystyTene *msulat;_on to -

- .the sheathing on’ the ipside and.- .
tive foil -for: »
_added insulatjon . (to” reflect infra: ’

topped it with re

red back te the absarberf' plate).
Des Chenegghad access to 24;by-
aluminum offset’ pfmt-

by a local newspapet; he made his
absorber pldte by corrugating. the
plates, bending them over the’

. straightedge of his workbench into
'V grooves.

(Similar corrugated
plates_can. be purchased, of course,
if you want fo avoid the tedious.
bending.) He then painted them

. flat black -topside and suspended
" them over the foil-lined insulation.
The V configuration triples surface . -

area—grooves are 114" deep—and

- makes for a stiffer .surface., Also,
the mrmgﬂtmns offset the ‘draw- -
.backs of a.vertical-mounted’ collec- -

tor:: At certain sun angles, energy
will' not be reflected: back out as

~with a flat-plate collector, but will

strike an Bd]EEEDt surface, “con-
eentratmg the sunlight.

Des Chenes opted for two layers

of plastic' glazing (lighter and less
expensive than glass) : 4-mil Warps
. Flexoglas on the irside and- 8-mil
Clopane (polished vinyl) on the
outside, attached with PVC ‘duet
These mg

tape and furring strips.

terials have been entifels
tory to date; no cloudipg;,
or, excessive stretchin
notickd. A service
three years appears: 0]
Pont’s Tedlar- 5-mil." wes

longer %ENICE ‘life for H*’hlgher ini- .
~ tial cost,”

t : he reports. See the draw-,
ing for details; note the -one-inch .
dead-air spice between the glaz-

. ings. -
' By making use of«solar heat
gain-as it's-produced, without in-

termediate storage, this collector

. gains-in efficiency over those that

produce temperatures ' that are
mm:h higher hut h:m high fnr hu—

ning, hﬁwever tu add snme fgrm'

- of low- temperature subfloor heat
’ Stnng to. exterfd heatmg into’ the
.evenmg haurs *

k]

“Special effects

Snme unexpected paybacks en-
performance . during the
ﬁr'it hEatmg season. Relative hu-
midity was one. After several sue-

=

ESA
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-

-, envelope. Address inquiries ;ta thl

showers, cunkmg, and laundry. was

aive aunny days, indoor humid
ity increased, since moisture from '

a being sucked into the basement
and up the c:hlmney as much as be-

" foré. Cold drafts into the living

roomr nearly vanished. And the oil
furnace ‘did not kick in so often,

since the downstairs thermostat was '

located in the living room. Of
course, the kitchen and dining room’

became cooler, but only to 62:65 . |

" 'degrees, At night, foam-backed- in-

vent heat loss. As a r&sult Des
"Chenes claims his actual savifis in

ly the oil/Eti.;’ equivalent of the
""" * .Caleulations of de-

. grée dags and oil consumption in-

dicate a savings of about. three

_ sulating drapes are dran to. pre-

- dil.to be “much greater than strict-

times the Btu that the soldr panel

collects. Last season this translated
into g net’ ‘saving of $58 56. (Elec-
tm:xt:.r to Qperate the “fans cﬂsta
abaut $120 a yéar) Y

satlsfactary perfmmsnca
Al

“things"* .eonside

L1!

ored, - “per-.
* formance has been mofe than ade-
» quate for the intended job despite

some adverse . mndjtmns * he says.

" These . conditions included “high.

wmds, an unfavorable . @nmtmg"_

angle, and an ear]y hour for maxi-
mum i J‘lSDlEltlﬂn {10:40 a.m.).
Durmg the wmter the system

" operates Tfrom about- 7:30 am.

through 3:30 p.m. The ‘window col-
lector maintains.a respectable del-
ta-T of about 60: When outside

temperatures are in the teens, room.

air (in the sixties) is_heated to
nearly 120 degre&s ag “it - mayes

For $5, Des Chens i “offering -

detailed plén,s and. instructions for

this systeni for,free, he'll answer -

specific qUéstlons that: are accom-
panied by’ a self-addressed, stamped

Des Chenes, 21 Dale Dr.,

NH. 03451, "

N -4




“"“”T‘ ’:"’ﬁ'—ﬁr‘—ﬁp aEﬂcie.r © H&ﬁTTﬁum— gg:d Above:
. - . ason's peculiat roof in a suburb of Wash« Yidburn thesails ni Roman

~ington, D.C. Look over the research facil- ~ An engraving of a “sun machine” used in -
jties at General Electric’s. Vsugy Fﬁl‘g: ths 18th century 1o mell metals. ,
Space Center in Pennsylvania. Standona . &)

" remute ‘and ‘weathér-assaulted oil plat-

) why conditions now begm to appear fa-
form in- the Gulf of Mexico. From the

: 'vurable for s’al;lr energy. Among them
. activityin these places and at other sites  are th&gfﬂdual depletion of fessil fuels, a
- - . around the wotld, you'll begin 5 get the - rapidly improving: solar” technology, a _
".-7 . feeling that the phenomienoncalled solar - boost in the FederatBovernment’s jnterest -
.. energy is begipning té mdve .from ‘in- ﬁgfundmg ag gxpgnd::dr search eﬁﬂrt-
. ventor’s fantasies to growing practical us :
: “'!'l'le:e’ Are severﬁr‘hpmﬁnt

“

s
Aruitoxt provided by Eic:

‘ maklng the wind
;fuels¥And from manki
- ence, the sun’s rays have beer tised in
simple ways—to preserve meats aqd frults,

: mcraasmgly awafe nf sular t:ﬂerg % po—

tential for saving fuel once the price uf
sclar equipment can be reduced.

:"Of tourse, the ides of putting the sua's )

En:i’gy to wnrk has always mtngﬁmd man.

After all, the sun's radiation is respon

sible for.all aetivit g' on this.planet, fr
I

by drying; id_the growing of crops; ta
make 3 sagde dwellings and ether homes

Y
ow to.creating fas‘s:l e
d’s earliest exist+
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-"_The prehistoric. dﬂdwﬂlﬁﬁ pf&kmﬂ o
ble. Thdiy itis tﬂhﬂéﬂy pﬂ-’ Indians made “passive” use of thé sun for
" sible to use solar energy*for many pur-.  heating. Right, arOdeillpsolar furnace in the : g
‘poses, from hg;@g or. aﬂuljng bomex  French Pyrenees, mirrors concentrate sun's con m
':iﬁuﬁgmmﬂgm!ﬁ@m : '“’“Pﬁm"l‘m‘”"'"mﬂ However, mgnindwamenwhaﬁm;!y

- ﬁtiu, Ihmgﬁ costs are atill high com- - & : : belmvadmmlar energy quietly continded .
’ J al gqmpm&nt. 4 sun’s ﬂy;tu aumwn purpms 'I'h= hsic Y fing to d:v:lnp 13 use. From tirhe to . .
Surveying the staggering potential of solar :lamsntsufmsny of today's solar devices. ¢ there were significant attempts to
energy, Fortune magaziné récently. spec- 'afhm g3, concentrators, collectors, mipe pmmut: it. ang e Truman a .

"7 . ‘ulated that' power from’ thtdun could . inv:ntadiathe 1800s, Bﬁn

haﬁ:ﬁa the “biggest economic dev:k;pﬁ

ERICT = e e Y




ﬂﬁt&hnobg m 3ﬁﬂ too exPennv: v
-and rescarch remained for the most part |
i the home' workshops of a number of
‘pﬁmlsnl mvenmrg and in a:few univer-

!ffyam‘h

l “small bmd-af mmnanss, and a3 a
- result & handful of homes around the
“country have for decades been using solar

try labm-ammﬁ Using the
] 8- made-gense-

‘energy to augment convéntional heating .

~systema; In ‘somie €ases, heating bills have
) hean cut by more than half,
" But
ﬁgmmlcky to most people. Who
medeﬂ a Rube Goldberg contraption of
- water pipes, fans, rocks and glass plates
an m-'lmﬁr one’s hnuse’? Then came the

sired bo

respectability and a

m:[umd lightweight, reliable; on-board
 energy sources for mmlmlcahum guid-
. ‘ance .and - ‘Other ‘systems. The answer

vag to be a device that was invented -
in the early 19505 at Bell Labnfammﬁs :

!he ;ihef;ﬂ solarcell. © :
=:The sfgathérhght device dealgned for

mﬂmmsuﬁught directly —
- into useful, work-performing electricity.

-No fuel vwas needed, there were no work<
ing parts, no maintenance was required
and thére was no.pdllution. While these

~ solar cells were eftremely expensive, they
i&m:d...pegplﬁ- t.hmkmgmaf-amher,—ﬁnm
down-to-earth applications. . -
- The dramati
ol - 1973 T4,

upled with a growing

awareness of the truly limited nature af .

, fossil fuels has caused governtfents and
industry to look intensively for new- fuei
sources. The sun, with its-awesome po-
tential of lxmxﬂess fre¢ and clean energy,
. -nfay. help answer that need.”

. Each year the sun bathes the United.
Stﬂtﬁ alone with ever 600~ “limes more
.~energy than'we now use, in the form-pf

radiant energy. On a clear, sunny $aj at

=-=-noom; the- suntight “that stifker say,” a

- square meter of sod near Washmgmn .
a_constant
iut 1.2 -

D.C,, can be made to produce
.qutput of 1.5 hors¢power or
.. kilowatts of :lectncxty (The output var-
ies with latitude, elévation above sea Jével,

season of the year, pollutmn, time of day, |

10

these few waﬂing ‘examples .

gmn and solar en- -
arch funds. ‘Space. vehicles -

in the price.of crude .

. sqn Ehmes, ramwat:r\that hss bcen col-

surfa:: reﬂecmruy and elnud cover ) -
» Two basic methods can be o
“gonvert sunlight difectly into heat =Iec=

?ﬂ;uy In one, sunlight is gathéred-in.
collectors,” or congentrated by the use '

—0f mirrers-to-heat-fivid or air: The second -~ -

méthod uses photovoltaic deviges such as .
silicon cells to produce electriclty

fmm sunlight.

. 'some’ energy industry researchers, space
heating and cooling account for about 17
= percent of the nation’s total-fuel bill, hot

_lected and stored is warmed as it qulgﬂy
trickles down through th system to heat

~ the house below. -

r directly-*
" Ageording to :su.mates developed by ¢

. material and the box is coyvered with wi

water about-4 percent. Thus the savings

' in the use of other energy could be'sub-"

stantial. One estimate is that if 10 percent

of new homes were to gét thrée-fourths of - o
their heating requi®ements from the sun, ©

. dhe equivalent of 102 million- gallnm nf
oil per year would be saved.

"The simplest way ‘to use solar gm:rgy
for heanng homes is the “passive” build-
ing in which construction materials .are
chosen to encourage or inhibit heat re-
tention. Special curtains,. dodble-paned
glass, .dark’ southward-facing walls and
even gvater-filled drurg
devices uséd for thes

. percent of their heat from the sun, but

are among the

Thomason's 30 solar collectors face

degree angle. The corrugated aluminum
plate within each of these four by seven-
and-one-half-foot boxes is painted black
for maximum absurpnnn of the sun's
rays. The plate.is backed by msulatmg

dow gjass which tzaps the heat. -
- In Dr: Thomason's system, watkr
heated to 100 degrees by the sun's rays,'
then circulated to the cellar where it is
stored in a 1600-gallon tank surrounded
-by 50 tons of egg-sized stones. Here the
iwatera‘wilj gradually lose its heat to the
¥ “stones, cool to about 65 degrea and then

_' ‘be pumped to the roof again to cnllact )

Fpos
“Passive” homes may obtain up to 30 -

they can be too warm on very bright days .

or too cold after several cloudy ones. The
more efficient solar homes use sn-called
,gai-plate collectors-of vdrious kin}
Dr. George Lif, Df - Colbrado S
: Umvzrsntyi has ‘been involved in experi-
' th sola gy since 1941, For
. the” past 18 yéars his Denver home has
+ been one-third warmed by a simple hot-
air-colléctor system which he. says has .
,  never required maintenance and has cut
heatmg bills cansnderably Dr. Léf is also
¢ «-vice president of a firm which has pro-
vided some 50 Denver area buildings -

with improved solar systems that supply -

ot water needs.

a <. "Another solar” pmneér Dﬂ Hfarfy
Thomason, has invented a sllghtly more _
complicated but, he says, less expensw
system which uses water instead of air to
store the sun’s warmth. A 60 by 15-foot
array of salarﬁnllgctnr& is mounted on

the roof of his Maryland home. When the

'R-78

=2

ép to three-quarters af lh:lr heating aﬁ{:l -

more heat from the sun.. Meanwhﬂ:, an
“electric blower circulates air through the
_stones and this warm air is pumped into
TOOmiS through ceiling-level slits in the
- Cold air is drawn off via ﬂmr—level

others, is thermostatl:ally cantmlled and - .

connected to a backiup oil, gas or elec-

tric furnace in cas pr nnged cold or
,ﬂnudy speljs Al , the system is

slmple, quiet, £ —and acmrdmg to
“Thomason; b ,,vmg mughiy $350a year

in oil and electric bills it l;ps paid for ltSElf :
_Inseven years,

- There are now some 187 salar homes
-in the United States, with ahother 300
under construction andg theé move into.
solar power is begiﬂnmg to plck up some
' mmﬁentum While interest in solar:pow-
ered homes mounts, the hlg_h’ initial.costs

-

.of such systems and the fact that solar "\

-homes also must have backup conven-
tional heating systems  has acted as a
.brake on the rapid expansion of:the solar

tgdustry Inaddition, legal questions such

s “the right to light"—whether one can
legally block another’s access to sunllght
—along with zoning, building codes, aes-

thetic, environmental and other issues”

" remain to be resolved. Neveﬂheless the .

U.S. Department of-Housing and Urban
Dévelopment recenﬂy announged a grant

south and-are tilted to the suin af a 55-

BN
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iESI million- to install solar heating;and - matgrial! research;
“cooling systems in 143 new and existing - studies, This arran
- residenttal buildings in 27 Stafs to test - mirrors, with r
the . practical. application of solar power “ing the fatade, _
~ under a variety of climatic condition. * ., “and a fyrnace as’ the fo
- In anothei step fdrward, Owens-Illi- ; tgmpcratums BEEQQG
" nois has com® up with a giass tube cn!!ec ' )
tor that it says can delivdr témperatures -
of over 300 degreées at the same édost as
the present fiat-plate collectors but would
- -take up only hijifthe space.-A number of -
smiller firms" 50 offer teehnnlnﬁﬁally
.advance ﬂgt-plate collectors, ambng -
them' Day Star Curparanon of Euﬂmg—"
. ton, Mass., a young company in. wlin;h .
" Exxon has en inyestment. _
These flat-platt, collectors’ already un !
the market now are efficient endugh for a
'subatantlal p'a(ggntﬂge n‘ spac: h:atmg

utilized in m'eleme:ltafy school defntm—,
stration :in’ Aflanta, Ga., providing

. in this field Wﬁuld mean asser
-pmducnan which would lower ¢
ggnge that the average homeowne
afford, Cunsequemly. shme auth,

medes, concentrates ‘th
“various means.  The Gre
'cian allegedly set fir

feanwhile, : today s -cOnf gurstmn
, round, wafer of silicon’ mounted in'~
gh- snhcm# rubbar, fa\:mg sngwarr}

saﬂs Centunes lste; the Fren&h che Y
- Anloine-Lavoisier- allgnedmvo lenses ‘in
such a way as to concentrate these rays.
and melt metals at temperatures of over’ kin
3,000 degrees Fahrenheit. In the 1950s, uf Mex;m The;e, Exxcm @mp: I
anothefiffrench researcher, Felix Trombe, ' U.S.A. has installed arrays of Sugh tetle’ pen:t:ﬂt of its éﬂergy req
pectaculag- solar furnace- at  on several off-shore oil pruductmﬂ‘ plat== ’ %E sun’bf—’the year 2000. Ithmk it r;an

 built a

Cldeﬂlu hlgh 111' the, nyenees for use in fcxrms—unm’&nned stations that need re- n
- i . . ) _Agz
R . S, Rl e




d&ta{\t saurce in the (\ext cen
sky for nowy, yettif the technical problem
the ’Pﬁgh cApifal ccrsf&of miost sola
s'w rule®hém out as serious COMPpQRIOTS 3
éntm | fuels fsr the“ﬁfxreseeabl’ future. .
= The" tlél;)a at Fol
ACHE _ '=mtru:atée§é%i
think St‘;:lar energy shauld laum largﬁr in the nahﬂnal " But e alkd’enri
“consciousness. It is no “accident ‘that Sun ‘Day’s pght ;\é\g rt. Pragor
:am:eiver Denls Hayes of World Watch was alsn the - 'stress that suﬁlu&,ht QE free. The Sug&,ﬁﬁ
S ‘dema ogic,” g noe whﬂlly trueiNlchnlas Lemr_ges-cu= .
e Rﬁegen, whose hﬁﬂkﬂf’w E&ifrapy shiviv and the Economic s
- erg y, and they ha\realargé andexpandmg fnllgwmg ** Process, -(Harvard® . 1971) - ) ,',Ed __a' thearghml
. Their. message has undeniable appeal “sunlight, could - Framewark ‘fon, msertm%
we but harness it, i:cmtams far-more energy than the . carefiil to déscnﬁe,s@fﬂr :
infully acquire from fossil fuels, ... .tocatchit, you. neecﬁ to oy

Ex

la;ld Eu&what ) f become -

2 . e -
a and unl ike them, 1t, inexhaustible; non-polluting, free, . the political mamfeétng solar energy.ap zared in the = £
-~ and in total hafrnnny wnth khe E‘rraﬁgements nf a- . October 1976 .issue_of Foraign Affairs irggn essay by - ‘4
'_‘dematrahc s«:cxety . S ‘ v._"physxc’stAmmy Lovitis.of the Fr pds of the Ea¥h. | .
- - T ~—— """ Lovins’s theme is that- there afﬁt path mte«:L: iy
Nicholas Wade writes for SNEH(’E magazine and is thé “States could take over-the next half- centuri nedting, - ‘

’ author of The Uihmﬁh' E:penmrnf _ . . its energy needs The hard Path relies n,:anpld
¥ . o ‘ | R T

r7 - | 382 : SJ ::.;j. _ f"

Q

Aruitoxt provided by Eic:



ml‘;‘m-l-ﬁﬂi_; Adehlvty- e e

- Choice of path wﬂl mffueﬂce the structure Qf sncletylv

- *h!f!ﬂ%&ﬁf thﬂuntr&stmg nature of-“hard”.and-“soft” -
. energies. Soft energy te:hna]ggles, says anms, dlffer_. :

- fronmrhard in these ways:

o They depend on renewaﬁe energy Flmws such as

* sun; wind and vegetation.
‘. They are diverse, so that energy. supply comes
* from numerous small ‘sources tailored to partlcular
: needs (such as solar heat collectors on buildings
instead of from largé central power stations.

o They are easy to Gnderstand and -use, not

PRSI, P Yrir_ 4 o

demanding esoteric skills such as nuclear’ engineering.
« They areematched in scale and geographic distribu-

tion to end uses, meaning that where there are strong,

steady breezes olie builds windmills instead of buying

‘electricity from far away. (Half your electrmty bill goes
- for distribution costs.) e .

. m 1’“ .

'bnttgm waters nf tmplcal seas,

R—BB

90'

C change The snft path -

ng a diverse assortment of low
envimnmentall;%enterhe

i.ntable fm‘ poor and rich cﬁuntnesalnke, and éampan- :
le with an._bpen, pluralistic, democratic and decen-

.. tralized society. Take your choice, says chvms, and
remember that the wrong one is irrevocable:

" How viable is the'soft energy path? The technologies
which seem at present to hold most promise.include

golar cells,  windmills, solar thermal energy, and
__biomass fuels. To this list should be added two
" alternative technologies which Lovins, for one, does -
.not consider to qualify as soft: the solar power tower

and the DTEC a Levnathan Slzéd machme that wc‘rks

'Soar‘fE"s Arrays of snlar cells';re fan

cells can be bmught dawn to Earth If the feductmn is

~ _ achieved, and'if electric utility charges continue toedge

'iupwmlgr -cell--arrays -“would- be - able-to- generate -
supplemental electricity at prices competitive ‘'with
eleetnclty from -other - sdurces-in -wide- areas  of - the - .

country,” says a June 1977 ‘report from Cungresss

- Office of Technology Assessment.

A price drop of this magnitude may not be as
impossible as it seems. Solar cells are semi-conductor
devices,.and the mdustry expects that, just asin the case
of hand calculators, the price of solar. cells’ could -

. plummet -as soon as a mass market is established.
Present day: prices - for certain. terrestrial uses are

Salar cells are made outof the rtxk mmmdn

already nﬁe—ﬁfheth i:if thte that prevalled afew yeyk_,

with - certain lﬁlpurltles thdt make lt into a 5eml¥_
conductor of electricity. Light falling on the cell ig
converted - into- Electncal eﬁergy Attaching metal




E

. mostly. by hand; automation is ‘one-

‘contacts and assemblmg the cells is at
p ner;es;ary

" before sc:lar arrays find a place on rooftops: -

Wmdmlls Slnce the 18503, six million wnndmills ha

been ‘installed in'the-United States. The windmill is not_ A

yet. ready for'mpdeérn resurrection,. but its time may

come. . A large.experimental’ wmdmlll built by the

Dep;rtm
Mexico last month and is expected to generate up.to 15
percent of the électric power used by the'town'’s 3000

- residents. The department reckons that windmills areﬁ‘

within' a factor of*between two-and four of being

- “econormically competltwe Small windmills for home ~
“-electric use arﬁcommerc:ally available but so expensive

<as to be’ attractive only to those- whose. houses are
remote from any Elettrlc grid system. As with all solar

energy,a storaEe system is necessary unless the device

z:f

is’ used pusg to supplement existing power supphes -

There is a broad potential Base for wind power'in the

nt of Energy started turning in Clayton, New

£

iresén't done =

re already c%mpet;tivewnh electric water heaters, and
~solare juipment will soonbea ‘good bet for fulfilling the
heating and hot water needs of large buildings. -
Power towers.” The power ‘towey, the _pride of the
Depat fment of Energy’d solar progrdm, is a 100-
mgawatt devu:e which will consist ofgmler perched

' on#:1000-foot tower at the focus point of a field of sun- -

trackiy mirsprs. Design of the boiler ISEEXPEEtEd tobe

.problemahc‘ xt is too early-to estimate the costs-at whlr:h ‘

$he systemian’deliver energy. s

OTEC systems, Vast uﬁderwater tuwers that nperate
on the temperature difference between tup and bottom
wate TEC systeins are attraétie because- they
could draw on an inexhaustible source and be able tq

- work 24 hours a day. Thermodynamlc laws. decree,
however, that since the temperature difference is -

United States many regions receive almost as much

wind enérgy per year as ‘they.do sunllght

* .Biomass. Lovins believes that' by 2000 AD4the fuel '

needs of the entire American transport system could be
.met by alcohol produced- from plant material.. His

“calculations are not universally accepted, but there is a

future of some kind to be discovered in what energy -

technologists ‘call biomass conversion. Some forecasts
suggest a large. market “soon, for alcohol fer-
mented from sugarcape, sor ’um or spoiled. corn.
The alcohol tou? compete- directly with industrial
alcohol made from ethylene, or be blended with
gasoline ‘and used as a motor fuel, “gasahol.” Other
schemes include pmdu:mg methane 8as. from algae.
grown on sewage wastes The econdmics’ of such
proposals remain uncertain. Even if-biomass’fuels

~become competitive WIth fossil fuels, their cultivation
. will not be:sylvan or bucolic, warns a recent Mitre

. industrial-

" for

Q

MC S .t . K

‘temperatute heat are used. Most of the equipment

Corporation report: “The prOpEF analogy is a lnggmg
‘forest and pulp mill.”

Selar thermal energy. The least glamumus of all snl;r
devices and probably the nearest to the marketplace,
solar thermal systems can be used to produce steam in
processes, - generate - electricity in” small
installations, and supply heat for hofnes and offices.
Simple flat-plate collectqrs.ean trap enough’ sunllght
residential space and water heating, Where
temperatures above 100°C gre needed, sunlight can oe
concentrated by mlrrors fleéred to track the sun's
motion. W large potential market for solar thermal
energy ekists in the food, textile and chemical
industries| where copious amounts of,intermediate

needeéd for sofar thermal heating seems already to be
available, although' further improvements could be
made on thesheat engines which conyéftithe heatiinto
shaft power to drive a generator, ér conditioner or
whatever. According to the Office of Technology
Assessment, solar hot water heatégs for domestic use.’
P
X
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relatively- small, —thE efficiency of the systern will be as
slight as 2 or 3 percent. Any slippage in- performance,
such as might be caused by marine slime or barnacles,
could put the whnle system in the red.

energy Fleld althnugh most devices have a way yet to
go both economically and, technlcally before.they can
begin to compete ‘with current. sources. The market
#share of all solar energy devices will depend critically en

- what happens to the cost of conventional fuels! If, as

- systems. The department’s solar researcgfd‘pmgram )
uce solar 7

~ dect icity in some distant future and has largely

- of Reat. The massjve Engmeermg projects desngned by -

some experts now believe, oil supplies remain adequate

at least through 1990, the price of ail is more likely to .
( stay stable and solar energy to stay uncompetitive. As

for technical problems, it is not universally agreed that

the Department of Energy is doing as well as it couldto

bring solar energy to market. Environmentalists regard
as too niggardly the $300 million a year allotted by the

£ possibllihés in the solar -

department to solar energy. The heart of theageneyis

%the old - Atomic, Energy Commission and some.

" observers see signs that the hard path methods used to

develop nuclear power are being applied, with smguhr
inappropriateness, to thé shaping of solar energy

“has emphaswed large central stations to prd

§¥3réd small solar devices for producing on-site power.
an

apiroach one critic describes as Lreahhg solar’

in the image of nuclear power,” concluded

tetbnn]nﬁ:
© Aljgn,Ha ond and William Metz in a recent series of

les in Science. “The program contains virtually no
sighhficant pm]ect% to develop solar energy as a source
of guels'and only !ﬁwpdé-st efforts to exploit it as a source

aerospace companies whmh deminate much of the pro-

; gram_ seen}_ﬂ have in fnmd thE e;lstence Df the uhl=

as the ultlmate consumer DF snlar Energy equnpmem.
The general argument for switching to solar energy
is EompE"lng The earth’s outstanding recoverable

reserves of fossil fuels are' estimated to be the -
equivalent of two weeks’ -:unhght Our cnnsumptmn of

R=8£&
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vaiues but of techmcs and ecancm'

Whethér the transntluh to sular pﬁwer -andits kx i ;g |

: _‘ take place in the néxt decade or after all the oil has g gone -
!s a matter nnt
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RESEARCH NEWS
m

Solar Energ Research Makmg Solar After the Nuclea Model"

A £ A pmm aboun solar: Enemy lhat gov-

“emment plan
grasping is that it is fundamenlnlly dif-

_ferent from other encrgy sources. Solar-

energy is democratic. I falls™ 0N every-
. -one and can be put 1o use by individuals.

iand smnll groups af pmplc Thc publlt'

a reﬂeglmn of this unusual atznes-‘.lbll y

is a vote for-the enwmnmenlal kind-

ImEss and inherent I'L‘I’IEdelllly of ener- |
_~—fgy—t‘rm!he s

But the fed&r‘al prégmm to dgveh:p

" ‘new enérgy technology is giving
» lated recognition .to solar enérgy’s spe-
cial charac:l:mllgs DE!ipllE thr: dlﬁuse

o Thlj is the firstin a series of Rt‘ SEdre h

"l

g

Q
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: Nsws articles examining recent develop-

mem‘r in solar energy rﬂearrh

am has em'phas’l;t:d léfge central ‘sta-

*tions to produce solar electricity in somg
- distant future and has. largely lgnnred
small solar d;\m‘:gs for prod

as “‘creating solar lechnnlﬂgles in the im-
age of nuclear power.”” The program
“contains virtually no significant projects
to develop solar energy as a source of
fuels and only madest efforts to exploi
a3 a source of heat. The massive engi-
neering projecis designed by aerospace
companies which dominate much of the

- Program scem 0. havé i' nd the exisl=

=

usls or Gommunuigs—as !he ulnmale
consumer of solar energy equipment.

One consequence of this R & D em-

rjhasis on._ large-scale, long-range sys-

lt‘:ms is to distort economic bnd pollcy

assessments of solar energy based on the

* current program, both within the Energy
Research and-Pevelopment Administra-
tion-(ERDA) and in higher levels of the
government. Indeed, the potential of so-
’ Iar energy is stili regardf:d‘wiih 5kepti—

uals and pubhcly dm:uumed hy spukm-
men for oil and electric utility "¢
panies.
leveling off, because of cuts made by the
outgoing Ford Administration and con-
_firmed. with mmﬂr overall chdnges but

sume Shlﬁ m :mphasns. by the, Lam:r’

ﬂmnunchmfufmalmpnﬁﬁ
nologies and a small fractio

anners seem to habe trouble’

nly be-"

Funds for solar research:are -

. committed ' 1o ths nuclcsr 2
. survived only because of the imm:nse

popular * appeal “of - solar energy- and

consequent pressure from Congress. -

In contrast to this official skepticism is
the virts explusmn of optimism and ac-
tivity elséwh Dozens of pieces of
proposed sol
of companies now manufacturing solar
components. geflect. this -interest.” The
number of solar-heated houses’ built in

* the United States has doubled-approxi
8 mnmhs SIHEE 1973, and

malély ever
the rate shows no’ signs ‘of slackenir 2.
+ The rapid bulldup of d fledgling industry
has been matched or even exceeded by a
" staggering rate of technical innpvation i
designs for-solar equipment and in re-
“search on advanced methdds for captur-
ing and using solar energy. ‘Measured by
the number of new ideas or the rate of
progress, solar energy -has become the
hotest property and the most sought-af-
ter aclmn in the energy field. The burden
of criticism from the solar energy com-
‘munity and from independent analyst is
that the federal program has Iagggd rath-
ef than led msny of these d&velopments
and that it haﬁ dlrEClEd its research to-
ward goals that bétray a lack of under-
. standing of the mlar resource.

Coming 0 f}ripn wm. Solar :

- The gov:mment 5 difﬁcully in coming
- 1o grips. with solar
standable bccause the solar program was
born, in-an institutional sense, unly
about 5 years 3g0. The early work on so-
lar energy was scatiered among various
government agencies, but much of it was
Aan outgrowth: of the National Aero-
nauncs and Space Adl‘ﬁlnlbll‘ﬂllgn
(NASA) ‘effort to find practical -spin- -off§
from- space e 'nnlngy After ‘the 1969
Apollo moon”. Ia ings, four difercnt
NASA labs began to % modest amounts
of solar energy rescarch™In 1972 the Na-
tional Science Fnundatm,
came the Iead_ agency for'sola
search, which was fundged aj
lion per yéar. Many of the

managers came from NASA and much of -

the contracted research weml to aero-
sp:lt:c :m’npames

In early. 1975, ali the -ml&r research
" programs were shifted from the NSF,

which has not been Drgamzk:d for com-

mercial technology develnpmtnl to-the -

- newly formed Energy Research and. De-
velopment Administration, where solar

R-86 L,

i . was Lail inlo :umpeunr_m

eglslmmn and- hiundreds :

* plants on an aggressive timetable. Feel-

energy .is' under-.

ith the nucle-,
ar breeder; the government's_newly in-
vigorated coal program, and the growi
program’ for fusion. In its first 2.
ERDA ‘solar “Progrs
staffed and overworked—at one time 60
percent of thd mal mail for the éntire agency

concerned solar e nergy. But in-spite of . ®
the program -

-grew rapidly . because Congress® autho-
rized large m;reasesfn the solar research #
budget-=as much as 80 percent. abové . =~

institutional % handicaps, .

what the agency officially requested.

The progra
a mode of design, construction, and test-
ing of various types of solar power pilot

ing pressure (o bulld ‘up the solar pro-
gram rapidly, ERDA delegatcd a large—
some critics would say dominant—role
1o its nsnm’\al laboratories and to various
NASA "laboratories. - The different sub-
prﬂgmms were evaluated in a series of

“mission analysis’’ studies, largely per-
formed by aerospace contractors, and
new priorities were set,
evaluation was based on the capability of

1.was gtall}é under- .

under ERDA moved into _ -

Much of "the *

varmus snlar lELhﬂunglEE m apprna::h .

xlhs assumplmn that anythlng else wc:uld
‘Yall short of a major-contribution: ‘During

the

this crucial period of solidification,

‘program had no- regular review by an

outside advisory board and there were
no congressional oversight ~hearings, |
One of the strongest Dulsgjc influences.,
on the shape of the program, according”

to well-informed ubs‘.er\'zrs was !hc utili- -

ty industry.
Today, government solar
$290 million effor sprea d

'Jgsn;h isa

one for, fuels, and two for heafing, cool- .
ing, and related direct applications, with
a professional staff of ab\&ut 70 persons.
In fiscal |978 the prngrarn retbmmend-

grow only m(vdest!y to $320 million. Be-

-cause the various solar.technologies are

generally -unrelated fo-each athér, there
is not a great deal of overlap betwéen the

research bases needed for the subpro-

grams. The result is that the different. so-
lar options are at an evem greater dis-
advantage - vis-a-vis other energy pro-
grams than the total smlar research hud=
get would indicate.

The largest allotmpent of ERDA funda
and staff resourcey has been for solar
electric technologfes. The concept which

among four . |
. subprograms for electric applications,



- earch he. Eleclric and by the Gm:e ﬂf Mgnsgement apd
k’-Pﬂﬁer‘Rgisiieh" Insthute

most likely candidate for gentral electric-. heen the cofrectivefactor™
i ration is the power tower, a sys- _of thé program. Accordi

o ‘Marvin, .

B byihz sufight reﬂectsﬂ from a field.of

e, ;wnh us re- has been ther
trol.” He foresees a progrim that may |

v ;E_a;ch on phmﬂi‘, talc power sysitems—  decisions are made’ about solar hard- .
) an effort.to devllo ]nwxasl versions of  whre development projects in 1978 to
v . the silicon

%,

unhght directly to elec- lmnsferr:d to pﬁVSlE industry.”
puwer research, although it . Marvin is credited by several Dbs;rv-

is the solar .electric technology- clnsgsl to. ers wnh havmg 'iﬂught to lu‘mt thero

- being - économically compelitive, re-. lhe . of “the nancmal laborater

i‘ElVES cmly abnut 8 per(;em of !he snlar 'rie

f develnp melhﬁds ok exlﬁicnng :nergy
“from the small temperature gjcrenc:es
- between surface and deep seawater—a wnhm lhe gulde]mc; set by the agenty
concept -ustinlly teferred to- as OTEC - Centralized versus Or-site Solar-
(ocean thermal energy conversion)-and : C . ]
conceived.to produce electricity or pe-  * But critics believe those guideliﬂcs
" ‘haps an energy-intensive chemicat'in a  still reflect the narrop set of preconcep- .
. huge .floating: plant_that would, provide | tions. with which the: program “began.

Hanism of OMB gon- .

~SE¢3. s the - Eudlat ‘In_his ‘words, “'Congress has - “for ERDA, says that “'e
Vlr\the growth by c:nnsnd;nng a 1000 meng:ﬁksnz& and

qul:kly‘ scaléd ‘it down to: §bi3l.l! 100

1977, Next is re- and .wijll focus ‘more narmwly as early ous gnnslderauﬁn appears to have been: -

given. fo solar thermal generating facil--
ities in' conjunction with, commuriity-

Is psed on space satellites 1981 and . successfui _technologies are scale energy systems or . 'biomass fuel .

reﬁneneshappllcahuns for which _the
optimum slze according o ‘Princeton B
Umversny physicists Robert Williams
. .and.Frank von Hippel, will probably be ~

wh h hesa'yg. arc nm natural much less than IB m:gawans Acmrdmg.

. lhat !D mcghwans is lhe u ,n size fnr,v

the power tower—we used. 100 mcga-
" watts for our calculations.”” ™.
La leewﬂie.,the wind- pcwer gmgmm,,

bmes fnr dlslﬁbﬁlédépp

lmns‘ Qr al’

about 200 i‘negawansnf power. Still less Ome of these  preconceptions ist the the: potential economies qf mass produc- -
money presently goes to the solar re- prefern:d rble nf Eenlmhzed energil tion that mlghl apply. msmﬂl devices but

" 'source thal could be most versatile nf syst

c:lex:lgl y. ERDA officials arg génerally appropriate scale for solar technologies

they have yet, 1o get a strong and taher- “niost promising- characlensi of solar
ent program under Way. - "* y systems. A report recently’ issuéd by the
; The sola¥ heating and cooling sub-- Congressional Office of Tethnnlug As-
program is funded at $86' million at sessment (OTA), for example, points out
“-present and $96 million in the fiscal - that federal research on electric generat- -
1‘478 udget. Solar home and hot w{ ing equipment of all kinds| has been fo-
2 e

ing 'is nearly competitive in sdme cused almost- exclusively bn a central-
dreas of the country already. HoWi™ jged tpprcmch and has neglected what
ever, the ERDA program has paid little " OTA sees as a significant potential for
attention before now to the benefits of on- site power production, The report—

-~ not to large ones. Instead

cl all==pla it matter or hmmaﬁ which can  gest that the ERDA pmg*am has pven . plunged ahead to build 4 rge.
" be converted into either heat, fuels, or madequme attetition to the issue of lhe waltt prmmype as a first stép mward a

ihe prngram

commercial size conceived to be .as;Jarge
agreed that biomass is oné area in which -and, in so doing, s failed {8 exploit the  as possible with the materials avalla le—" .,

'I.5 1o 2 megawatts,

Williggns and his-c

qﬁéagues p{)lfil‘t‘gul

that the ERDA solar program throughout
concentrates. its- main efforts on lhe )
largest and smallest - scales of energy
duction; but_they contend that sgmuﬁ ﬂ
*mediate size may turm out t be the natu-
ral scale for ‘many solar t

Their analysis points to cﬂmmﬂmly—snzz .

l‘lﬂulﬂgl&s

syslems, equivalent to a few hundred or

passive solar heating—the capture of so- . ane of the most wn;prehen ive studies pfgw thousaiid hostses, as th

lar heat that ¢an be achieved from a well-  of emergmg solar ~ techn IGgIES yet

sealed 5BUTH-Tacing window as opposéd ~ made having

10 a reoftop solar collector-used with 1 “an output as small as a few' l:,I waus cam .

er devices™

2 water or airfflowsgatem 10 carrydhe heat” | be madé as.efficient. as’larg
* downstairs. Such systems are now widé- *and that on-site solar systems capable
& . ly lﬁuughl to be capable of filling a"largt: of generating electricity at prices com-

thé winter healing needs in spetitive with_thosé charged|-by utilities
al costs generally less’ 'than gl-ay be available **within 10 to 15 years.”
) Ps “‘Dnims salarsenergy.” ihe report de-
1 inistration prepares  clares, **mu&t be regarded as: :m import-
- loshift energy research to yet another  ant option.’ )

* .. -agency—the proposed . Department of =~ The solar thermal subpmgrﬁm pro-
. Encrgyf——sgjgl;ffergy is still in scarch of vides an jnstance of how ERDA's
itufional  home. MNoting -* choices of scale were leabhshed Initial-
i J skepticism_ of the solar program _lyithe subprogram was: conceived of ex-
"is one of the proper ﬁ_]ng[mns of ERDA’s c:lll'i-lVEly in terms of central power sta*
management, - Henry ~ Marvin, solgf tions, . as large as pgssible. Charles -
program, director, nevertheless says that Grﬁssmgmz. an analyst with the engi-

‘the-program has Been subject o tight - neering firm of Black and Veatch during

+ ¥ controls by thé agr;m:y 5 upper u:heluns the pedod when it was involved in the
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s

efficient, in that they would al

st'cost- -
storage

tial pmgﬂm analysis of | pgwer tciwers L
ryoiie starfed

boiler on ahigh tower heated thg siﬂar program now has all the money megawaﬂs -when it. bgam: clear that. -

G 1 _ ¢ are still somewhat staff  the tower height'and the land acquisition - -

- sun-following: - lmmed lmd travel-money -limited—that: Jﬁublgm -were impractical for the. larger '~

sizes, “'To my ~knowledge:™ He says, -

“there: are no .good studies of the opti- .’ '
m dnlla.r pnnﬁlya Kave already!reai;hed its brbadest ::ténl » mum size of these facilities.*" Little seri- .

x

‘of :solar” energy on an annial basis— = 7
something impractical for an |ndlv1dua] .

- house—and would also allow lhe copro-
duumn uf snlar heal snd Elecincuy in a

largc tcnlr‘al power planls
analysv;:s
come to similar conclusions. The nme(‘f_
r Martin, Ryle, in .

Other independent

Enllsh radio astronor

L]
have

y of solar ener-

-gy to that ccmmfy concludes (ha(na dis-
lnbuled network of shall wind’ Lurbme,r.
provides “the best match of pote nlial sup- *

ply to demand and wuuld bec
with coal-fired or. nnclear ger
tions. Rylx: ccm;luded that wir
“used with smrage systems. could

G

titive

‘a sobstantial_part of the’ ptwgi Fngeds \ -

of the Erm;h l'sles

H

&

B;’F
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' menl j:hﬂ&gphy of “ign:ésn c s:quen—
T has - .smr:;e would not be required: =l,,_g:dx-
né  tion, a generally a:knowlcdg:d problem

" solar Ehml@v in exh 5ul:prngram with the ERDA program is that its sharp-

o Anulh:r gnts:lsm of th: ;dhr program .
.is that ity mansgemeént has hgin'lmneces-
n’nly restrictive,  During lhég last 24
- years, while ERDA hls dlrectgg lhe pm-

m thi
ring ﬁriority' [

such as the power-tower in the sofr thér, .
mal progran, andﬁshmg it ta quickl
develop hardware afd test its Féﬂf.lhil N
- What, the policy has ruled out—report-
‘edly ‘because of. skepticidm from™ the
agency lcad:rshlp and budget-cutting by
! the Office of Management and Budget—
«i% the paraliel d:v:lupmm of competing
tunc:pts. It is, of course, possible that
the best-candidates were not chosen i ini-
- tially; - but- severtheless a-whole solar

’l‘: subprogram could be phased, 6ut bccause

E

Aruitoxt provided by Eic:

of poor performance by an ill-advised so-
lar concept. In particular, feagres such
‘as scale and tyPe of application have
been heavily influenced by the Qngmal

. choices' for development, and there i

cunsnderable d-mgr.r that valucs d:nved
wh_lch_ engm::ring ;..;d :cnmjmlc évalua-’
~ tions of future support will be made. Itis
just such considerations that lead envi-

fonmentalists to make the charge lhal 50-'

-lar epergy is being *'set up™ to fail.
. Commenting on the desirability of pur-

- suing parallel concepts. Marvin says that -

+ “it is not clear that
" more' productive if

yould ndt be
colild - pursue
multiple paths, ¥ But he believes that it
would be disruptive, if not polititally im-
possible, to stop_ eXisting programs. He
says he has altempled to correct what,

" “fhay be imbalances by ‘bringing ina new

‘group of managers (two of whum just

. arrived this' maath), and by supp@l‘lmg

the En:rgy ngeds th:y
: sausfy Stofage is a pﬁ,

.. s@me of the neglected options as secon-

cjgry follow-on efforts when the budget

allqu For i instance, the fiscdl 1978 bud-

get includes $8 million for*small-scale
Marvin potes, however, that

dldﬁcm !gm us lﬁ'ne {‘:’Hl o

Aimlhcr nmblem \Vllh lhr: suldr pm— )

g

em with rmu'ry‘
gram has given

‘solar syslems huklhe:

little altcéﬂmn to ap)

bmmass fuelsaumuld pioy
i n

n&afit’h.aﬁi;ihéf énergy ‘source. Sa-
d sular=hydme]ef:l c systems:

tar-¢
'_nﬁ'ar *mma]lgmg possibilities ' for? com-
. blnaugms lhal caﬂid appm,_ i

“well. Lmle atten

-da not fall

“ERDA- develﬁpﬁ Tio sooner {

. l:gn:: ;1 f:

y market does, exist—hat !
2 fnr_egamplczdu,nm yet behgfit from the

denc:s l[mt dnmct sular ennrgy and wind
‘eniergy - might comiplement. each ‘ilier :
ention has been Eiyen to.,
Coni-site application’ of photovoitaic. apd
‘solar-thermail devices, in which the utili-
ty gnd could be-used as a buffer and thus,

ly divided subprogfam-structure has lim-

energy systems that produce both heat
and. electricity with a considerable im-
provement over the gﬁcn:ncy of single-
purpose system. The program_has only
belatedly begun to look at projects: that

egories, such as solar irrigation; whitch

S

state of Guanajuam« Mcxim
The organiZational structure gf' the

-energy agency, moreover, appears to be - -
At cross-purpodes with many "novel or:
The Sﬂldl'.:
energy division for example, is eﬂ'gcuv:- :

nnncentmllzed applications.

ly prohibited.from working on communi- -
ty-scale solar systems because the agen-
cy management has decreed cgmmumtysx
oriented projects fo be in the domiain
of the conservation directorate. .

Cost is the stumbling block most Qﬁg
‘cibed by ‘solar skeptics, and there is no
doubt that Few of the solar oplmns are-
competitive {oday. But current cost esti-+
mates are almost ggﬂaxnly deceptive, in
lhe absence of a real’ market Further-
mﬂre. no one re:dly k:ﬁ;wa what the

costs of small-scale systems will’ be be- -

cause so little research hag beenglone on
them. The conventional wisdom at the

solar program plannmg office is that,.
compared to cl&zmgﬂy at current prices,

. wind genersors are competitive today or
within a factor of 2 of being competitive, ,
biomass fuels are a factor of 2 to 4 away,

#

fr 1 thermal

1.8 cﬂmp%:lllg‘e pﬁ;E 4.

lhesc dlﬁ‘c:rc:nl h:chn ugn:! are con-

trolled by qull: dlﬂ't:n:n[ factors, how-

ever, Even the lechncln for which a

of implicit subsidies -enjoyed by
105t Gther Energy sources ar the advan-
ag&. of mass pr&juttlun E‘ym w.;l] estab-
5 ,td industry,
Pmbably no question abuy_snlaf ¢ner-
gy is'more Lunlmv\zrsmahaﬁ whether 1t
can b.ﬂg e ‘a major energy source in the
near tek nr ﬁhnuld be- reggrdéd (and
funded)’ as ‘a limited; long-range option.

: Aﬁsessmems ﬁf}hns ques‘tmn }cnd to get -

!

L -

‘93

és

L 1 ".!

ited. the development of systems that
L sETvVe twn puTposes at once, such as total

i did the

r systems a factor of 4 16%5, pover: -
’ téwgra a factor. of 5 te-10, and photovol-
'cmr of 20 o 4d away. Thc op--

ater’ héalmg )

: 5wept uff: into’ whm{;s beco a hnghly

_polarized debatp between gn gnnmental =

* advocates and the defenders offcoal and*;
nuclear power—a debafe whose termis.
_™are morg neaﬂy phllBSﬁph;cal or ethical
4] thsm ‘economic. The one view. holds that -
hisition qut predominantly solar eco-
m)my is -not"pnly feasible: but - neces-

buildup of carbbn dioxide that wuuld a
company massive use af coal, aﬂd to P

" Vent the danger of: nl.l‘tlea!: warfar&kéﬂéﬂﬁ o o

dant on the proliferation of” thg plulux
nium economy. The othér dismiises so- -
lar “énergy and holds thai coal ‘and
nucledr-are esséntial on the grounds that
" even if costs were 1o drop drama

to any of-the prgdeﬁncd‘calr*ﬂl wupld sllll be many; decades bsfun: )
heated -houses and solar -

enough sol

mwerisl could be built to make =

o any dent InrlhlS country's huge and

growing appellle for energy.
But these tactical p-nsmpns obscur
. nu:;b&r of things that terid to argue a
importance of solar energy gpfpurﬁly
eccmmluc groufds, @s well as Some sub-
élannsl problems. One of the key prob-
lems is that solar eguipment tends to be
capital: lrﬁ:nsnve. with.high initial costs
lhal dre a deterrént to,consumers unac-
-customed to ‘making decisions on a life- -
cycle basis, Another js that-many exist-
ing .. institutional . arrangéments, from
. .building codes to utility rate structures to
federal tax policies, discriminate against
uncﬂnvenlmnal energy sourges.  But
sonie institutional barriers are bemg re-
muved by Ieglslslmn and the prices of
y solar cnmpgnems ar¢’ already
2 sharply in response to steadily’

EoN

- “

sary—to avert climatic disaster from the '+,

S 4

growing .demand. It seems evident, that . .. ..

the growth of distributed solar 5ysh;rn£
for which cquipment can be mads-pro- ©
duced, ¢an be far more rapid ‘than thé:-
" growth of LED[I’E{IIIEd er, plants,
- which must be Iabnﬁausly assembled in
th: field. Frost:and ‘i’ulhva"\ 1Tespected
market research firm,’ pred;le; lﬁu 2.5,
“millionU.S§, hnmc; will pe salar’ ht:alvsd
by 1985. The gﬂvernmenl itself-may bex
come a major market for solar enébgy—a
. Departmen? of- Defense report ‘done for .
the Federal Energy Administration esti- ,
mates thai a DOD market for up to ID'(T
m:g.—.l\{mlls af phmuw i a

prg:vali m lhe ;,;u“ly IQSD s

ning lhc 5hurt— or lnng term
. lmp;ﬁ;{ Solar energy fared hddlg
Repubhi.m admmxslrauun

undera
re;ldent

we

"E{éxp.::ut:d_m!

b et



. the . govErmme ol _oro-
- grameathe demgﬁ.mmmn pmjeﬂs fi
mlar-henmg, ERDA appealed tp Presi-~
 dent Ford but} ‘according to 6ne observ-- ,f 1 s !
- &, had lh&ﬁuafanune o atgl.lE its case stoves and bmiers and nmer:nmpancms. o
dunn; 8. week in whigh Fgrﬂ was pie-. of.a solaf :m:rgy industry,

I 5 ,.jn any ;_’ AEE" qf ramd bm uneven de:
:} oldr :ﬂcrgy is in n:cd uf
The pres

posi
\milakaa mi'uumsmce thal apparcmly
contributed. substantially to thé resigna-

“best cfes}gns have ot been f found, x" d
they are. afreddy . facing the ecannmlg .
en as' much the producl pf challenges: that other lung-r&mgt optiéns

“tion of EREA assistant -administrator . ‘institutional 'happ:nstane: and varioug »have yet tpconfront. 1t is drguably tiive .
__'i Juhn ’Teem—md the proposededemon- . téchnical predlleclmnsaasn has been the to Teconsider solar ‘priorities and sk

'»* . 'syration program, miodest though it was,  product of coherent  planning. Ina broad-. whether H‘ie distribution of research re-;:
-, vAs draﬂlfally cut ban:k . ier perspective, the government policy: “sourcés amjong ‘nuclear, fossil, and solar -
R The government program is .having lpd:r Repubhgan admm:s!ratmns char- ’u, ons refldcts a raunnal poliéy; .
. some ‘effect—ERDA’s work on photo-  acterized solaf energy as a long- term op- . - ALLL-N L. HaMMmOND and
. “voltaics and windihas stimulated some tiop :qm_pal’ab!e to fusion and the breed-" : ’ Wy v,LlAM D MET?
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'BRUCE ANDERSON

A

i
L

15 president of
‘Total Enviranmental Achan an organi-

Zation of- iunf-uliaﬁts ergineers, educa--

ters, = 5.4, building  dekigners in
Harrisv:. New Hampshire, He is alsg
the auL\bu of -5olar Energy in Euﬂdmg
DEIQI’!

-

) stralnts

- conventional fuel rising, ang

’ S oa b ’
WIDESFRFAD US’E OF solar energy for heatmg and cooling bulldmgs
requires’ the 'mlutlorr of a.number of problems other than thDSEZ associ-
Hated ﬁlth the technical aspects of building and- mdmmmmg the Sys- -+
-tems. In fact, many of the technical problems: have alreddy beerr solved

(see “Solar Energy,” Environment, June 1973), but, nontechnical diffi-
sculties persist,. The basu, dlfF§ulty is that extensive-use of solar energy
réquires lqrgrsmg\le mtegratlon of new. solar ENnergy, systems, ml}gmg
from specific solar cnmpDnE’:nts to pmerly deangned ulldmgs
Lﬂmp]tx ‘af t.,mstm;ﬂ regulations which includes bmldmg mortgage cri-
teria, property tax lawa ‘building code standards, manufacturing re-
Lunatmctmn methods . and labqr réqmremﬂnts The

.tm, Jﬂd 50 Lar thL nut mddﬂ major LOHLESSIDHS tu the LDnLépt of

solar energy as an alternative power source. HDWEVEF with the costs of

with local and federal governmental
agencieS~Hecdring involved Wwith promotion of solar energy for heating
and LQO;‘X the stige appears to be set for vety rapid development of
this neglectc:d source of powgr for basic building needs.

An indication of this potential is that thg number of. buildings usmg“
or pl:mmn;_.. to use, solyr power in the 'U.S. has risen in the past tw?

yedrs tmm a.mere handful to several tflguarrnd Rays from the sun arg
being ‘used for ‘energy in government buildigss, schools, private home
environmenhtal” institutions, and commercial establishments. Based on
traditional economic criteria, the cost of solar energy now Df[un com-
petés with that of fossil fuels for the heating-of b‘u:ldmgs and water.
Schoot buildings are particularly gacd structures for the’ application’
of solar. energy. In-January 1974, in an effort to speed promotion of
the use ofl soldr epergy, and to shew Congress some immediate results,

the, yﬁhtmndl Sciepce Foundation (N8F) awarded tour Luntmq.tu, for the. -

two junior high schools, and an ctenuntgr‘y school. The program
solar Energy  School Heating f\u:,m;nmhun Experin

;unsta’ux_tmn of experimental solar hutmg systems inoa hl;l‘%sghnul

ks,

!almuj at ;_lLinﬂLlﬂt_. the systems technology fos using solar energy for

space heating and hot water needs of buildings, and to provide Impor-
tant information on the degree to which such systems cian be made
ceonomically justifiable and socially aceeptable.™
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' 1y ‘cost analyses have been done
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. cpstly tnjba prs

: these iﬂstituﬁﬁm"sr& inst’ead im:L’med

 sound- buy Eximmr

g authnfmas on solar
h‘gt Eqmpm;nt fo

syatams for. pmmte& hgma X
peaple prefer: to have . mmpletﬂ 5
- heating or cooling systems rathéf' f),
systems which' anppl:mernt
. heating. ‘or cooling, systems.. But sy
- tems which’ pmv:dedm'j percent salar

salar, Energy ﬁm' 50 tu 75 pen:ént uf )
heatihg needs ‘i
for mnat buildi
country, - i
Another prﬂblem faq;mg th: indiv
" ual h&m:m\mer is that the mtml:;ast
" of a solar’system i usually higher ‘than
‘that of a cénvenional system, Home-~
f’maﬂciﬂg phns are not usually  de-

?}lﬁ?ﬁ siuch an investment

i1g he&ng bills over '
e - syster mskérlt
1l institutions. could
gase the difficulty .by taking into ac-
‘count the longsterm benefits of solar
energy resulting from lower operating -
- and smaintenance costs. At present,

hat the ms:nmsmg
fuels will- cause . =i

‘J L
cosis- faf conv

comparing the use of solar energy with-

’ o - oy R ey S
. ‘ 4 AN
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(o

uf thetwo sys-
= . In announcing
Dgam M km nmgdﬂthat avers
nual’ ele heatmg bills «for
'de(ly peaple wer: $1927in 1967, but

1974, tHe NSF

" that the extra emplnyment stunulatcd
" by the devglupm&nt of the use of - solar
T energy can be a’ b(:u:n to local econo-
i rnies, FBF example,- most of - the. gas

" otlier re-
s imported.

th:t: fra

mcxeasmg ev:fy ysar. Mat:rmls such as

,.,the US

EDSUY to tfansport, a fa\?tm which Wwill

Z-muke- . local-.assembly --practical
 aliverting. mone;y
- to local economies,

Furthermore, - in-

Q -

*
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"‘system

3 "'fmanr:ed by ‘the - Federal 7Ht:|usmg Ad-
) ,(mm:stmtim and -may msur\ﬁ huma-

_Congress.” Such’ deductions

-/ had - risen-to- SBSD by 1973 In late -
that 1t .-

r_heating in New Eng-, .

C 'uut ow. fﬂr this purpose -
‘amounts* to” billibns- of c@ll;ifs and is |

tht;%; cx:am—u._.
pensive to prmuu: but -

thus
from foreign’ rﬁarket‘s%

reg t}stite taxe ‘
¥4, h;g_har uutml :
tdxed. L

Other - ma:r:ﬁtwes \far s«:lsr emrgy
now : under cansmeratmn_ by .
the fedéfal government, .are Tow: nter-

*est, gDYEInmEﬂt%UbEIdlZEd loan

come' tax. write: lTs for SBIEFQ!‘:WEﬁEd
systems. are also bemg copsidered in
.would. be
biséd ‘on. 1 "pércentage-of: the installa- -
Wa cost of the system or of the ener-
gY - savings rnadr: puﬁlble by, the
syst}gm .

" Design snd Manufact_um

One ::uf the main dxfﬁ:ultms in %‘A&hﬁ- :
sigh, manufacture, - and.’ marketing of .

solar systems is, the _necessary combina- -
tion ‘of good: perfofmam;E long-lasting -
materials,) and economy .of operation.
The d:sxgﬂer ‘must have a snphnstu:gted
understanding of .the workings of solar; *
£Znergy in. order to aveld the. mtfsﬂs\

which have been dlSCGﬁEEGdl in' th¥ *

past. In most instances, ‘ghe system's |

_des;g:l must fit .into .the .design. of .an ; (

existing bmldmg The negessary re-
search and tt;stmg are Ex%lswe and
* arduous, and many an:hlt&tural am:f
‘engineering. firms..hesitate’. to invest ..

\

Dwan : u;m nnp-g; to maks t
* SUNPAKTM cotisctor directiy e
i}fg

. 7‘1, potitive with fossil
g-92 ¥ y

- 99

Vdgvelﬁps but - this kmdtx dEveﬁi ;

-:to’ aid manufacturers intérested

ﬁaﬂﬂfaﬁhﬁeﬁ :

gmented
i d%valﬂpeci

quuate

neéésasﬁ( to' pmmat& solar energy dig-

.. signy Such as the-NSF and the Energy -

cand Devglagment Adinistra-

ti'an'; the needed contractors ind tech-

inicians. This reluctance adds fo the
_ shortages- fi:u_md by’ lﬂtEﬁstEd dESIgners

nd’ manu,fa‘ ,,,,,
eveldp a. saldr.
Organizations are now bein
in solar
e,gergy .The Solar Eﬂﬁrgy Industries
Association,. ¢omprised -primarily
3

- Owens lllm:ls

fin- ‘these . develop- 1::
-hgg Ire, others, ‘who
ting .“ n:rgasmg de:

E thmr

with the fundmgﬁ pawgrl

ERDA); are..spending . little to ... ... . .}

’r

energy mdustry, et
 formed ~

.of
_Iﬁrgamzmj_iﬂ ,973’2"’

ﬁ




lask 15 ta desxgn the system wit

‘-i:ctqﬁ _,may soon be avmlablg ffl:lm

many s%vurcrs custum c!es:gn and’ on-

. CEite e nstn.ictmn of solar gauactars wul
' ;—;pfqbably

: ,ODDsquar:Jﬂgt s0 ar ¢
ThE pf:hmmary plan calls for.

egtsi th; pl:m has two parts Tl

nble uff=thf: shelf components in mxﬁﬁ{

. the second is to contact manufacturers

Ta L

itably adapted to the design.

Huw sver, one of.the primary diffi-
1th on-site construction is that
giat nu{pber of designs have been
patented.  Des igning new systems is
.expensive, and, at present, there are
only*a few designs for sale to those
‘whx:: w:sh to bu _‘_their_t::'wn €0
on- site  co
i hgmus&:

. ¥l’m have équipment which' can be

mmmsrclal salar u:!uegmrs, . \

' Ceonstruction Barriers

4 . . ) o & . ‘7 N
There are several other potential prob-

~ lems centered in the hpusing construc-

~chinge,

- are thousands of builders;

tion industry -and in the laws which
regulate it. The industry hag  recdrd
xcruciatingly - slow .adaptation to
] particularly when change
means higher construction costs. There
thus, * the
industry is highly fragmented, with ‘QD
pen:en% of alk constrfuction work dor
companies which produce fewep
qn-100 umt-: eai;&. per-year Eveinthe

'i'; Tngs., the problem/ would onfy present -

.

"= Insulation should thus bel _
from the absorber plate by af least a =

3 IE levant. t‘a
m salar r:nEr

‘beécausc ﬁiﬂ paraf 1
some pfire codes may m:t"

ty W
the' substancef to be used m ide
bmldmgsi |¥a

. A second co onent subjett tﬁ
i:ﬁde regulatmns is th
.covers plate. Unbré
: ﬁbe:glag are alterr

'“inst.;ued on the 'i‘ju‘tsxdc

lfSt:lf in the case of external fires,

.Fhe third component to consider in
to. fire codes is ‘the material
used for insulation on the -back sides
of ‘solar - -collectars. !nsulagn: materials

include fiber glass, poly§tyrene, and
polyurethane. All insulat Bis tarmlﬁ
are generally in relatlyely clns‘g contact -
with the solar absorbér plate, which

can reach .temperatures aﬁvedsﬂ de-’
s can melt-®

grees F., and many mate
or Emﬁk!: at these high tem

atures,
Eparated

three-quarter-inch &ir space and should
be faced with reflective foll. '
“Health' codes must also be consid-
ered, These c:@de’s'tah!a;iﬁly wWhen
ethylene glycol (mixed with watdr to
prevent freezing) is used as a
transfer medium. This chemical
-.contaminale dripking  water
cautions must bf
leaks in the syster avorde
Still other building "godes muy limit
the use of¥solar ¢nesgy., A heght re-
strietion for buildings int one grew along
the shoreline in f.ong l%l:mgtr%mmd in

‘can

. Cofthecucut has - resulied®in an uafaml- . o

iar but pleasant hunl\dmg design for a

ol pre-
taken to insure that -

" signed by Everétt Bﬂﬂger Ir.;

- limitationg

. dows to pm\nde f

“the sun’s hcat in the

modular flat-plate m:lllé;:tor system de.
and zold-

by Sunworks, Im:cirpgrat:d The 5ys-

“tem ‘was 'esglmqtgd to,cost $3,500 -

more than a conventibnal heating
system, but it has cut fuel costs from
$600 to $300.er year. Zoning height
sf€quired that the roof be

therefore, the three south-facing

low;

"cﬁlleftl‘;}s’ are- arrayedin 1 sawtooth-

. fashign, an arrangement which also
prawdca clerestory hghti‘lng for the in-

terior "of the home, Theotal area of

. the solar panels is about 20 percent of
- the home's' 1,900 squire feet of living - -

area. Other energy-saving features in
addition to the solar heating system in-
clude the sizing and placement of win-

d maxwﬂum natyral

dayhhht :md ventil

built at an angle ‘which-allows the sun’s

_rays to penetrate the house during the .

winter. Solar air conditioning will be

unobstructed: e
rays may be n

m.:y lhr g_D b; ‘Lnk,en m gugram:;
that ncxghbming conétruction ind vege-

les: -gh.m D,S p solar home, »
T i " profit pjargin in this indiis-" * round? residenc il ’ This new sofar home at the Dhio State Fair
grounds in umbugis the first in Ohio that
ady sma .md ianovition in was designed tn uht.un ) re Toent of uses Mot water, cogling and heating pravided
a f;rst{nsl-annnh;d mndustry such as . ,h\hmbing. CHEMLY - [l;il\lauh;!llknl[\ froma . . . “by solar enefgy.
- - R-93% B )
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ifi 'there were a mﬁ%ﬁpﬂndmg S

earby' !pesk demmd on the utilities-by other . =
: to ‘the. sérvice, territory. .

G ! ‘T uﬁf}m nnly* would the homeowner ot
reach thg largs ex< Sbe ‘required ‘to- install a ‘full-sized mon- "% -
-glag bluldir;gs thv: R bar}k—np system,. but. the utility - )
- .r:c?mpames would “have tn have ‘extra ",
v generatmg :gapactly ta m t aci;asmnal :
.:péaks In th:‘

, \

am‘] R

R

ears 1l tﬂlE ‘”:ﬁFedEl'ﬁl Engfgy Adrmmsh'sﬁan

ﬂ#}d ;
olar +.énergy  fosy heating: and * " the Electric - Power -Rese, Institute J o
i aré a ‘studids relited ).

‘will. probably “have quickest

) " ph perrmttmﬁ the, gpphta-

*. tion. of “solar ¥ energy during a large part-

(af ‘the - yea and whEh :anventmnal
sty .

mﬂdxtmmng ‘accounted for 11 Sr per-- -
cent - of total - energy gnnsumpt" min - §
| -‘thg U.S. if1968. What i is'moyé impres- !
s:ve thede - application’s " cofisumed 28 . ° =~
percent bf the energy’ used for industri-

piatgs cf ‘solar- mﬂac-'
. : grgat concern to de-: -
: mgners and” pqtentiq,l _buyers - nf “solar

bm,ldings ‘However, over - the 30—year

cold, but.

“ history’ i:f the: use of s@lar energy in - greit demand al -purposes and 76 percent of the total .
-the U.§ Euch saw the completion of aadequate gunhght- fnr aphmal use m‘ - energy used by all mmmgrcml enter- s
I tely, 25 'solar enérgy. projects solar gnglgy . ises T e
. vandalism has.not been " The. coordination of supplemental " Wide press coverage’ and ngSﬂY in-
. - blsin Other - all-glass buildings services by’ ectric o - Creased gcwerqmental legislation® and
'aw:se ex%?eneed relatively  pa ] fundmg mch:ate thst as_interest con- '~ .
- minar ifficulties  with vadalism, — " R : evelop . people
\‘\ Another, jpl;;:en; d:iiwbar:k, which wil], be: partn:lpatmg in the use of solar.

) . ’ . .energy. It is possible that future use’
oy ) RURER IR . . : will ExEEEd even the mgst apt::mstu: .

salsr energy w;,l,l fedm:e the EEd ft:nr '
consumption of other fﬂrmﬁ Energy.

%
g.
'

submxtted w@s Hf:ce C'amgs tht::' .S‘;m,
7715 Publuher and detar.s af Enwran-

- iftles and xubntles :eléctmn of pham—
" graphs and lead-in exderpts, photo cap-
.- tions, and preparation of most graphs

Yand; illustrdtions whxch appedr in

‘ _Enprmgm}fnﬁglﬁ £ o .
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1. Natmﬂal Science anﬁ&g&:ﬁ news release,
: . lehard A., and Georgs & ’
] Ing,”*  HNat. Reso,

3. For two su
Sclemn\le Coa.,
WOTKS t:nﬂjaratlgn

P



lmng, but DEIfDIl ;:md Con\Edlsan and the avgrage -
- -homeowner” ltarn to conserve trily vast amounts of. -
é)‘i_':"fGSSII fuels: Ip this way, time is bought., We use'it to «
) . turn, not to new nuclear reactors; but. t’f;\' “benign,”

renewable sourc;s of | power and h!;al and wc end up‘ i
Dloé)’ er Llsmg 't _~in about fifty. years, living off dur. “enérgy.income’: . .

chiefly sunshine,and solar pradu.cts‘}h,ka thg winds. T’hu: :

PR
-~

ﬁ? ) \ h "'téchnﬂlagles gmplayed then arc diverse, ¢ easy to under- T
o antrcprcneurs : meg IQJ{LE]C‘ t}‘e M(‘Jd;l T ‘stanﬂ sgfe, rdlatively clean, and.invulnerable to
. N tHdl “”” gwe bxrth lD 4 m;w mduitry . nation- Ehpplmg accidents and.sabotage becausg, for,ﬂf
A * © " “the most ‘part, they afe deployed at’ the community . - <.
Fae L e N : - ’ !lt.,.\mlj_ As a consequence, democracy gmwsvstronger,

- . ;o N s . '
P ‘October 1976 on the-eve: .pf the nanural gas h
» . shortages,” a. twentye’nme year-old * physicist .
. ‘named / mory Lovins publist ;dr in Foreign
L, Aﬂalrs a treatise called “Encr Stm gy: The-Road -« o
7 " Not" Taken?" ‘Since then, th¢ Lowins.article has = - . '\ .
~ becom@ ;pmcthmg ‘of'a FG(: al [:mmt for thc debate over \ )
nntmny encrgy plans.. " . t
Wiéfcan travel into the futurg* n t:m; Gf two paths,+. = -
T nglens writes, The one Yenerally favo Sby US 7 T '
+ . polity has the: nation mureasmg,cntrgy pmduchon m ]
all pmslBlL ways but mainly through. (poitation-of " "7 .
= fﬂsml fuels;; axld ‘old-fashioned uclear fission: Later, in- -y, —v
the ’era beynﬂd ml snd g.aa \eame largg;scale "‘;1;5

o,
"

L]

dcvnc ygt to be fgjly lmagmed hugt ‘spacg 3t&tmns-
galhﬁrmg ele’cmclty from thesun- and bcagnmg the
g JHICE-tO-cardh in the, form.of. mlcrawgv Lavjns calls.. ...
{ © this“the hard path™ In Lovins's s view, ifig.a road with
. —.—-dire.socidl ¢ se;quenczs,-angrgy ars, repression _at
. home, &fvironmental degrad 'tl?I and several kinds of

it 3 cdtaslrup#cs Assofated with urdnium. et
- We g:anf]lnwkthe other pith, “the shft. path,”

/ Lovins contjnues, By engaging in a new and “clegant
hg try maintains its standard of

Yoo fruga,hly,

r ) =
. }
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" Our feng’rgy “suppliers are rno- longer *“alicn- andv pﬁrdtmn Wgstmghause GE, Thu‘:npson Ramo Woal-

. Local -avtonomy: prevails’ Nuclear reactors, - dridge, Inc, (TRW), and the National Science Foun-: -

'jamlqu:s and at ldSt therr: isa chanm. f'or pgacc’& dstmn ,are some of thg i!rgamzaliom lhdt havg lmkgd -

on, bg,cause thg Cnumfy lacks thg matenal and - Senatg have he‘ld heanngs. the callcctgd volume‘s Of

| hpmtual resources to follow both. - < tesgmnny on this subjeet generated by }ust one Sénate ﬂ;
_Lovins's sehi:mg_fﬁr a?ffsaft" sngrgy—fulure—rgstemcnmmluze—have—a—tﬂtaﬁwenghl G{'—abaulﬂwemya, s

, largely on an optimistic view of d@alnr technologies. It's = pourkdsk A forty-ofie-year-old solar architect narped’

"a f.-:mh ‘that many sharc Surﬁly sunshmc is tht: mosh Gordﬁn Tully holds ,thdt salar lLChﬂDnglES will have SN

v that appear to be harmlu.;a and there’s more than " the solar colfﬁttmg dcv;ccs in the \United Statgs ie
enodgh to g0 ground Contemplation of the sun's cqulvalent to ‘the thermal energy that would be
power leads. even respectable scientists to grandiose produced by burmng all the solar studies. Out of this
: hyp-mhgsc:s one phyasi¢ist has’calculated that if “forest of paper come many conflicting prcdlctlans
cnuldrcnnv;rt to’ mechanical, power. all of the so;i It isn’t surprising to find. that there is no consensus
ation-that strikes the Umtcd States in Just a day, ¢ on what can, be: dam: wﬁh the sun, bécause there has-
e we “Could lift the ¢ptire Republic—and the 1000- - been little hard ‘research to go* vgth the studies. In
"+ ¥ meter-thick crust it sits on-—#bout three and a half 1952, the Paley Commission prgparg:;ba report for”
© feet into the air. For those whg feel that mankin must Prcsndt,.nt Truman called “Resources for Freedom.” It .
.+ .. find-a-way around plutonium, who wince at news of - was a prescient document. It warned of future, oil -
each fiew oil spill, the sun is today’s messiah. I pick up . shértaggs and of a gtowing dcpendc.m:t: on the Mlgﬁle
, small-town. newspapers and college alumni bulletins East, and it recommended *“aggressive research” into
and agam and again I read of people who have dl.‘sﬂﬂv- *both the * peact:ful ‘atom” and “solar technologies. But
i , successive administrations and. Cnngrebscs took only .
" half that advice. From.1953 10 1973 the U S. govern-

-

- nmize \,,v“lth Mother_ Ea,rthi whnlg kggpmg th:: ‘Arabs out ment spent some $5 billian on reséarch and devglop
of Fdrg Knox. But how much cnergy can we pet from  menp’in nuclear energy, but less than a rmllmn ori solar
the “soft” ', solar technologies, from. such things_as . te&hnulug;es' oo A ‘

o Wmdmllls, solar ponds, solar space. and hot-water : L4 -4 '
& . heatmg systgms, f{am rogftop arrays of those marvel- o ) i
- ous ‘photocels that make electricity from sunshine? Dvernmgn't spending on SOIEF rescarch did not

' - And how soon can-we get it? What is the real max‘k’:t _

« " potential of these lech,nnlnglu.’ » and in the mldst Df grﬂwmg pmtcata agamst
L The Office of Technology Assessment and the Stan- / nu:l::ar power. Since then, government financing has
‘ford Rescarch Institute, the Energy .Res¢arch and. come on strong, thanks to a generally cnthus;as}lc
D:velgpmém Administration (EEDA) Mllﬂ: Cor- . . Congress and, more recently, to the Carter Adminis-
: tration. In fiscal ycar 1978 the government will spend
lmter af zomes, Corrales, New Mema . a record $368 million on solar research, development,
‘and dc.mcmstratmn and th:: subsidy will be still larger
. if, as now seems certain, Ccmgress goes alcmg with the _
President’s plag to allow tax credits for pt:ﬂplt; invest- ’
* ing in solar-heating eqmpm;n‘l Mecanwhile, however,
dbm,lt $3 billich will gorto R&ED in nucleastechnolo- 7t
‘gies, and the' lion’s share of that will be spent on_the, ’
breeder reactor and on fusion, which face futures at
least as uncertain as (Wbse of most solar technolo-

fos, e \ . L | 1
“The Tsual explanation-for-this apparent double stans. .~ { - -

sdard is¥that solar technologics '-.lrnpj,y don't need as '

- much money as,nuclear ones. Encrgy burtduﬂratstalsﬂ e

say that' the infant solar industry isn't large Lnough o

db‘-(!l’b more nmm‘:y than at's ggmng But manv

.

(un&,rcsas th;:: Llf ch:hr'mlogy Asscsqmcm haa . ‘
helped. to draw up a study- of possibic appmgt_h:s to-
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Sﬂlar energy. The llst iss huge (

"technnlnglcs is just wrong.”

mvestments m snlar energy a pear to li
2 ssimilatec

nto the new

body who" says more rm:ney ca" A gg spént aﬁ sglar .

- In g:m:fal the strangest bhrriers h‘: larger useful»-'
within the’

sﬂlaraheatmg techm:ilogy occurred in ‘1939,
.when’a team of MIT englﬁbers, led by a
,t professor named Hc:yt Hottgl bullt a

Iﬁﬁﬂm:mmm‘ymphs -

&
' ﬂlmportant moment in thé. hlsmry Qf modern x

Epértmem of l;n

. several yea[s ago. The' evdlent - attitude within
ERDA has been that nuclear ‘power is the only:-

lar te:hnol«!gles hav& be:n

_at best and at worst, as

- 2 100 work in'the sular dl\nsiQn

foice 8 Management
and Budget,

kept the solar erew
small, and this has made it

¥’

S H%ﬁr”Lﬁim'i
ASEER L Y : ~working twenty -hour days.

¥ They admlt that they aren’t able to monitor properly -

even their’ exlstmg programs.

. V.. Space and hot-wafer heating are the most readily.

- pl‘gq&icab{le of all the solar technologies. Government

© . prdjects, along with the Arabs and the brutal winter of

' @ 1977,-have created a boom ia the craft. In the early
T b 1970s there were only about 100-solar-heated houses
. . in America. Now there are several thousand and man}h'

D more on the- way, and it is certain: that thgre are even
& -~ more people working onsolar heating than ‘there are
" . solar-heated houses. Professors at more than,a dozen

. 7_ large and many small) have entered the competition.
POy It seems the publlc has been ‘aroused: the government-
. sponsored Solar Heating and Coolmg Information

. week from interested citizens.

S A

he saysythat this technology, is “now available and
economical? With those questions in mind, I went

N " out in the spring and summer-of 1977, into a few.

7 regions of solar-heating -land, ta see what -part of the
. - future was there.

gy, ERL)A has been‘a true child of -
ﬂie old Ammic Energy Commlssmn which it replaced- -

p(Es;ble answer to-the country’s fu!-:"
. ture energy needs. Meanwhile; so-

_countercultural toys. More
than 2000 of ERDA’s em;
playees are mv::lved in nu-

'ERDA’s hu:rarcﬂiy and the’
which |

-+——control - staffing, - have - -

difficult for the division to
spend its money wisely. People
- _in_the solar division talk about lC.rﬂOnStLDSlly * according to Hottel. So his.team built _

o ‘universities and something | like 550 compames (some-:

“Center has been receiving about 3000 phone ¢alls a

“About a quarter of all the energy used in Ameérica

goes .to heating buildings. So solar heating could be -
“significant. Bit how significant? Is Lovins vight when™ ™
* heating with oil or gas.

rmftgp “ﬂat ]fxl‘?i.tg‘:g colléctor. Cﬂppﬁr plpgs wére -
mounted on a copper surface and the whole thing wés

. .covered. with three layers of glass. Water was pumped A

through the pipes on the roof, heated there by the sun,
thien ¥ent to'the basenyent into-a large steel storage”
» tank, The heat was transfzizrﬂd to air and finally cjrcu-"

latgd thmugh the:. house by a blower system, as the - -

need arose, This was the prototype. for most of the
“active” systems on the market and in hnus¢s today-—
syst:.ms, ‘that lS in whn:h air or water moved by .
mechamcal means, carries the heat around. (In a
*“passive’ system, parts of the house itself collect the

heat, which i lS dlstnbuted wnth httlg OF no ht:lp from '

machines.) , _
The first. MIT house'was nuthmg more than a- labo-
ratory: Hottel used it to establish the basic engineering

so meticulous that his calculations served to correct.
the Weathgr Blrreau That ﬁrst house wurked Hcmt:l

wmter But the starage system was huge, ‘an ‘econom-

another house, this time using a south-facing wa!l of
water, a more or less passive system. But they weren’t

able te insulate the window well enough after dark to.

keep heat loss at a satlsfactory level So they went

_ his team “shelvad space heating. *We had’ gnttcn

in 1962, after twenty _years of expenments, Hottgl }d_ =
t

" data to know it was uneconomical at the time.”

It.is May 1977, somewhere riear the end of the era -
of cheap oil and gas, and Huyt Hottgl—MIT pmf't:ssor

ofﬁcg be:ﬁ:re a large platc: glsss wmdgw lookmg out

._on a corner of MIT's labyrinthine campus. He is justi-

ﬁably prqud of his work, but grows.dour when he turns
to the object of all those meticulous experiments. He =
says that over the years he has watched the costs of
solar space heating continually hover above the rising,
costs of coriventional heating, and although he allows .
inefficient,

tive with expensive, electrical-resistance

“heatlng, he believes it is still ‘much more costly than —

s

- - A consultant from Arthur D. Liitle would tell me

*Tracy l{ldder s a free- lance JDUFI‘IZ{IISI whn often ivrites
about environmental topies

R-97

Aruntoxt provided by Eic

principles behind solar:collector-performance and-was—-- -

 thiat the solar approach may now be almbst competi-
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gn a horse gnd'
Now he can't

“Hmtel 's a man who bought’ a ticket
threw it away befdre the race was aved.

. bearto think that his horse mlght come in.” Hottel, for
_“" ‘his part;
~—_their case:on:
Lo thelr regs-amﬁg as follgws; "Solar energy has to b

hgs s.;ud that-solar- heatmg gnthuslasts mse

gﬂcd thing.
rassing. negallve-i I’'we’ made up my. mind.” Hottel

daesnj say that solar heating won't become i lmportant .

sometime in the fﬁgm‘e but he says that a future’'whick
includes, it isn’t one_to.anticipak with- relish. *“1 think

*_You have to say that when solar energy does become

impartant; that will be a measure of the facj..that we

are nm lwmg as afﬁuenlly as we dc tﬁday,phe thd ,

th; cheapest way m get energy R

There is no dlspulmg Hibttel's central point. No
source of energy, whether it's” solar”or “nuclear or
geothermal, will be-as cheap and easy to grasp as the
5tufl we've been usmg these past 100 years. But it’s

begause of ths f:Ict that sglar hcatmg now lDﬂkS more

x

lhé now-defunct Harvard cyclotron, there is
—a-little office crammed with -books and arti-
cles on solar heating. In the filing eabinets lie
hundreds of letters from well-known and anonymous
solar mventors, Everything is in order. The size of the
Dfﬁ(:(; .md thg Eamplexlty Df the ‘iubje makg nrdé'r
hanarafy Harvafd research ﬁ:llaw -;tudu:s ather peD—
ple’s inventions in_here. He is the preeminent *cata-

‘loguer of solar space-heating brainstorms, the author

of Solar Heated Homes:~A Brief Survey, which he has
taken thmugh thirteen editions in the last five and a
half years. Shurcliff knows what is out there, 1f'anyone

does. Visiting him one day, I remarked that a friend -
~who was building a: salar heated house had hit upon
»the idea of improving his collector’s performance by
i dyz‘,mg the water inside it black. A novel uiEa I had

thaught Shurcliff said, “Hmmm. Black water.” From
the shelf over his desk.he pulled down-a thick looscleaf

. .notebook,-looked up “Black-Water” in the index—"1
think books without indgxes should be banned, don't

lo read.off a list. of about. five
,le“ inventors who'd tried it.

syslems whc had trlEd blac‘:k dusl
been quite a lot on that.”

Shurcliff is tall and [hm and he speaks in the accent
E— * ' .

O T'ﬂkETlﬂg

. Out ‘of th¢ window with embar-"
_ ended

n the other snde of Cambridge from MIT, near

“»chase price with interest and-the

+ or electric bills, But there are dozens
- of unknnwn vanables in any cost-

-

SG you see thgrt:;;sf,.,

“t.hfsuﬁ_shin_é

N l;ﬂer, "‘Hottt:l ‘hasn’t hcard of the oil embargd g .. one: aften hears on lhE sgaccast ncrlh of Bosmn He, o

: rcmlnﬁnt mvgntcr “of asswe §'§tEms ‘would say, - . descnbes hlmself as “a llrgd old o tlcs man.” “The;
p ps Y y P

_get into this field, snd hl did it Eaggrly " For aboutA'
emotion,; nQLDn_natu:al,law._H;d:scnlﬁi\_thme:n _years he_worked- in-optics-and-radiation-at——————

Polaroid. Then he came to Harva;d and ran radiation
security for the atom-srgasher, and when his duties

solar heating, thin
\ time g entmg He stlll kegps hlS hand in; but he found
that.in general other people’s. ideas were more inter-

esting thanhis own, and 50 he became a ‘cataloguer, °

the first and, untjl recently, the cnlyfatéla‘gucr of

g spage-hﬁatmg ideas.

At least once before, Shurchﬁ' has dCV(’JlEd hlmself

to a cause. He is generally credited with a large mlg in

the successful cdampaign agamst the SST; mamly he

wrote courtly, threatgnmg lettérs. These days h¢ could’ -

be described as a solar advocate. “Thls world damn

. well needs solar’ heating,” he says.

Shurcliff does! believe that the solar- heating art can
be practical, but he is aware Df' the problems. “Hur-
dles,” Shurcliff calls Ther sdaining. the ordinary
word, First amohg them stand the questions of cost,
durability, and performance” In an industry so new,
durability is hard to pr&dlct but it is assum@at a
gaod system will last twanty years. To

the syslem, one must weigh the pura

yearly maintenance expense against
the savings the system yields in fuel 3}

(benefit equation. How much fuel in

any given winter would a brand

new house use if it weren't a 4

solar house? What will be il

the rate of inflation, g4

where will interest

rated stand, What will -
maintenance\ cost,
and, the crucial ques-
tion, what will be-the
prices for gas, oil,

- and -electricity? Will |-
there be enough of '
those commudmx.,s to s
go around, come January 1985?-Several studfes have
attempted to deal with the egconomér question and
several have concluded that solar heating is practical
todayeBut those conclusions are based on a plethora of

”‘\_7,

. averages, and there really is no such thing as an

V4

e 4

ere samc ﬁve and a half‘ years aga he tcmk up_

William Shurcliff

D
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- a%éi;ablg;ﬁe hal
.that at feast 80, and mayb: 97 percent of; Lhem aren ta
x-_bargam‘ not -as. they are mcasured besnde tpday 5 ga :

__Hard—:ngughﬁ henrtcﬁ’n Z

“curious Lummplmm ds-the til-fated--Hb

“and oil prices:

e

‘tudled partlcular systerm He thmk§ -

in szems perfci:t for all chrﬂatzs but thaf is noreal pmb—

L lém. .-

*I'm w:llmg to go out on'a llrnb " Shurcllthold me.. .o
: ‘“l &hm}; _that thgrc wxll be’ dﬂzens -of wmmng S

pay when'it's installed on a new hﬂusg desngnd wnth
the sun in mmd “How much- more dlfﬁcult it -s,”
exelaims ‘Shurcliff, “'to ‘retrofit’ solar hcatlﬁg to-an
e:x:stm badlymsulated lmperfectly oru:nted hnusg m

bunldlngs' " Pcrhaps hausehaldcrs wnll be pgrsuaded to '
" uridertake retrofits as hume 1mprovv:ments or as secu-’

‘rity. against some dark, cold, fuel-less winter. Maybe,

as Shurcliff suggests, some will decide that it’s| fin, -
“Ilke Dwnmg a yacht Eut economics wnll we:gh

-sntmn llke :;my redeelmg JDb

Althaugh sunshine is free, the nation would havé to .

systems in place would require large’amounts of labor

- pay a prn:c !'or widespread solar heating. Py ttmg%thr: .

.and natural resources such as copper. ‘A great deal of
. enerBy would be expended; it takes about five years,for.

a well-designed system to gather as much uséful

energy as it took to build it, A host of small pmblams
€alt with, too. For example, experts agree

that thu most Lconammal aysmms pmwd; only parl!

‘needs far an dverage hobs; SQ a back up systém is

regﬁirﬁd and an electrical one is usually the chaap¢st

to install. But thousands: of solar houses in a glven -

area, u%ng electricity cm]y on cold, cloudy days, wguﬁd
force the local utility to invest in equipment that would
b; used _]u‘it a f;w times a ycar The result would l?
agzheated homes. A
pﬂb&lblﬁ mlulmn now bclng lﬂ\’égtlbdh‘:d is to have

solar-home owners turn on th; power only dunng the X
ullllly s-off-peak hours, and use this electricity lo heat :

up their storage systems. - .
Shurcliff seems a careful man. He appmachcs the
future cautiously, by asking questions. But five and a

“half years of studying the designs that now fill his’
books and filing cabinels scem to have lgft him in a -

state of controlled excitement. “*We deal, indeed, wnJh
a ferment,” he-writes. In his little affice, it is 1905 and
a new industry iv. \;tirring Therr;- are hundréds"'maybé

' hn,.h of thHl‘:
\obite and--
which the"Model T is hard to say. But Shurcliff’ has
scen a gréat many smalf ideas, and also soqe CDh’lplcte
systems—maybe 3 or 4 percent of the Petala=thit
show definite promise. They look cheap and they
waork. thowgh some seem “crude” today. No single one

yarda Irymg to bmld dutDmellQS Just

. I :v B = - b s W _i. S

_there stands-an. amazing private residence, not
‘ahouse in any ordinary sense, but a series of

,’ metal strictures connected to each other, 5|lvery and
strange, standmg in rugged, treeless terrain. Steve

.Baér, w
it descrlbts the stryc
- dodecahedra stretche
) sizg:d'rgonis He a]su describes his home as ‘a t:luster
“of zomes.”” - < .
A clgser look rcveals that arrays of used, fifty-five-
gallon oil drums, filled with water and laid horizon-
tally behind” smgle sheets of glass, make up the

/ho created this place, who built it and lives in
cture as “ten’ Explﬂdﬁd rhombic

southern: walls. These are_the prototypes of the now. . -

. famous (in solar heating circles) “*drum wall.” The
wal!s are w:qunppad wnth Iargw: msu]atmg pangls whn:h

. rops an_d pullgy devnce, Hg dmps (hé pang!s: on wmtgr

days (o let the sun heat the water drums, and raises
/ them-at night to. kf:ép the heat in. The walls awere
cheap to butld—about 35 a square foot, which is
roughly half the cost of conventional roofop: collec-
tors. They do about 75 percent of the heating in, the
zomes, a{lawmg, that is, for indoor temperaturr:s that
vary from about 55 to about 80 degrees. Baer, who has
always been interested in weather, thinks it's fyn to

_ live in a house that reflects what’s going on outside.

Some people, do not like the temperature fluctuations
or the walls, of course. “He'll sell his stuff by word of

mouth,” ontsggsmcntmnally minded solar engineer
told me. “*Ward of mouth is the only way to persuade

peﬂple to put fifty-five-g -gallon drums in their livihg
FDDITIS
already been employed on some 200 solar-heating
projects, and orders for Zomeworks devices come from
all over the country these days. -

Out of Zomeworks comes the ‘Beadwall—plastic

- beads are blown into the space within a double-glazed

window on cold winter nights and sucked out with a '

- small vacuum-cleaner motor when-theljun rises. Baer
and his colleagues invented the Skylid} an insulated
shutter especially good for skylights: th; shuuar opens
and closes by itself, at the direction of two_ small ther-
mostats. Baer has been a pioneer in Convective Air
Loop Rock Sterage (a way of using nutural convection

99 ’ ~
Log

'n Carrales New Mcxu:o near Albuquerque,:

and fused to furn:,.?thg dlﬁ"enznt- .

* But Baer and his company,-Zomeworks, have '



[N

"rather -than the. usuar mechamcal blawc:r to move

,' stones), and he thﬂughi

‘heated air iin and outsfa starage system made up of -
sumethmg he calls the
“Double. Bub,ble Wheel Dnvmg Engme Run by the
cﬂ‘ect of heat on bubbfg*?. i

of bmths which bﬂ‘re such names adi _
Citizens™and “New. Bngland Instituté of Appmpnat:
Technology."” Some, very sausf‘acmry lcm ing: - flag- - -

et e - T T

ater, it can be' solar- -
is inventions. He says he -

o ka&':rmg w;th Suns m

s

_ pretty wmdmllls a wind- drlven car, rﬂaﬂjA kinds’ uf L

._wsterless lculets t:ham -saw sculpiun:. a teepeg msu:lg

F langtary -

- Baer’ wanducd aréund.a while, 5tappmg in at some of .

<3

: experlments with solar heating.

““Massachusetts’s “Towird Tomorrow ‘Fair,”
- . celebration for a dubious future, featuring music from

herst Canege and left before’ graduanon Aftcr a stint
in the Army;. he studied math and physiés in Zurich,
then came back to the United States, It was the 1960s.

“the communes then - ﬂaunshmg There he began his

Last summe¥, “Batr came back to Am- TN
" herst nut of thie West, dressed in thc w”

same gray ﬁanggl pants he'd worn r’j
f

Steve Baer and his drum (‘?g ] dull it was gonna be and how stupid tHe

. slagans were gonna be and- hew mu;h .1 wasnl gonna .

the first Umt= he came to college, twenty years before.
He is thxﬂy cxghl slim, has sandy hair LOHVEI‘I[IQﬂd”y
Lllt pluung blm: c;yes :md was mnnLd whcn I met
sentative frum NAS:\ ht: was o clc;m -cut.
heard somcone clsn sy that hc lnGde like Gdry
Cooper. -~ : 2

The occasion for Baer's TL[UTH was the University of
" a. grand

l over-

Pete Scegér and speeches from Barry Commoner,
Buckminster Fuller, Julian Bond, and Rdlph Nader.
Out on the fairgrounds, there were hundreds of
displays  There were ﬁﬂeﬁlg oking wood stoves and

&

rhe FarkeF and nevqr play the'
. same tunektwu:g |
Bcsrn and raised in Cahfnrma, Baer went to Am- o

later on, said, “W‘ELCGME STEVE BAER!"”

'plate collectors were on display as well.

v Up fmrn thg falrgrounds uuLsndgla U Mass lgi;turev_:v

'hyster*cal waman ‘a salar enargy “buff whgm I met

‘his lectueg was several- hundred yards long and many
didn't get in. ThEymlssed something. .. . - . =

p-ounded af 1deas famlllar to disciples of Abblg

tegnth cen_tury lalssaz falre c,:ccmomists,

k]

“ads abaut salar énergy! The ‘audnepct
.showed it was with him. Bat then Baer
seemed to draw back and eye the crowd.
Suddenly he was saying' that the oil
company executives were “just people.”

same thing they're doing.” And a little
later on: “Alternate energy! That's a
bunch of junk, It-doésn’t have anything
to do with good design.” And-tg what.
was now a mainly silent house, though 1
heard some nervous-sounding laughter
“‘around me, Bacr announced, laughing
/hcartlly himself: “-l%:hdnt believe in the.
alternate- -energy future until 1 saw how

like it. Then | knew it would come.” w’
‘Afterward, over drinks at the Student Uriion, I got

Bacr onto the_subject of Hoyt/HottelrBaer said that

after he had built the drum . wall, he had read about,

Hottel's mrly experiment with the water-filled

#
LI iy

“But lha\

wall.

“He decided it didn't work,” Baer said.

“was because he didn't do it the right way. And he-,

didn't kee

have.
#

p on. If he'd been some crackpot, he might

“The crackpot is ready to explore new ferritory’”
without government funding. There's gotta be foom °

for crackpots in any society.™

i
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The line for. -

The first ‘half of Baer’s speech was\;‘“stew com-

It was a eulogy for the h:‘ﬁﬁﬁ'}@ the -
communes Gf the sixties It was a lameént -

.“If we were in-their place we'd do the .

¥



Whu werc some ﬂf the erackpnts in sol&r he.atmg" I

Vasked T
i “Wcll hkei

27" he said. - f;*_if"- S

h:atmg after the oil embargc pu;ked.up
: gmrernmem grarits, and’ starteﬂ out try- *
mg to apply very sophlsucsted expens;vc ;ngm’earmg

- fothe’ prablsm of he.atmg homes. GE wgmso far as tq

 assign sblar dperations; fo its space di
- number. of’&umpqnics that hegans
: ehanged their: approac aﬂg ar%_
' canvenuunal dcmgns .

Ty
% The soﬁizllgd “hlgh t::h ap;jmach generally in- -

- volves trying tonncrease the :lﬁcnency ofa systQm by. -
‘ ggttmg th; maxlmgm amount of hgat uut of EaEh
y accampany thls approach* are’ sclgctwe surfaces
: (callégcmr coatings Which absorb mdre sunlig ht and
;emlt less ‘thermal - -radiation - than - ordina
« paints) and ‘evacuated ,vicuum tube’ coll:cmrs (m
- *»which tubular ahs'ibers are insulated by va:uums
# mamtamgd -around; them) Such- high-efficiency" de-r

“vices ‘invanably cost “a-great deal. The ratibnale: for - .

"‘usihg them is that hlgh fﬁmcn:y leads to reduced"
- collector size. and thus to reduced matenals costs,
Maybe someday thé appmac.‘h will jﬂ:ld eccnam:cé’l

- systems, but it hasn't so far. Moreover, afﬁclem:y isa
L :
difficult cnnc:pt to apply te solar. hea 'ng For- -

t"high:
£ ﬁ;ﬁ:‘mm

instance, when it is cold outside, mafy eff
temperature- tﬂl\:ctca;s lose more heat, thah 1

low- temperature-ones, in whlch case the lDW-qEﬁlET!C)’ ’

-colleztor ns thc: mm‘e efﬁc:lem o . c:?

seem tD ha\n: in. gamman is that thenr mw:mgrs;are rmt .

canngcted wnh blg i:ompames Fur the mnst part they

Thﬁy have warked with thenr own money, cmly a ﬁ:w
have gotten support from ERDA. Perhaps that gave
them a-head start in the quest for economy.
.~ Traveling .around, talking to. “solar people on the
phone, I kept hearing of wonderful systems, so many I
~ could not examine all of them. But here is'a sampler of
possiblé Henry Fords and theu’ solar-heating Model
T‘ f
o Steve Baer and his zomes. AltHough his audn‘:nce
~may be limited today, fie is by no moeans finished with -

e Then there is the man who taught éa:r some
tncks sixty-eight-year- -old Harold Hay. Fifteen’ years,
ago, while working for the State Department as an

. adviser ‘on building materials to the government. of
, India, Hay hit upon an idea for bc»th heating and

1is. Wéy havc: Smce K
m::w ;w;lrlgmg onv ,

"E

blac;k .

: - sign that\ would emplny ‘a nymrE
mod@ﬂi Westgrn techﬂolagy ™ Hay's flat- rmfg
Therm house has pom‘:ls beneath the roof,- - D

" $wimming podl contained in Jarge plastic bags— —

. little devices make the systemn work. Powered by=====
quartgraharsspawgrielectnc motor; the msulatg
piam:ls open on ‘winter ﬂay% to catch the sun are—

- on -winter mghts 10 keep the heat in. WarmLS
d\:wn from the water bags through the metal te ==
thé house. ‘The first horhehe built i in thé United __
“"has-1 140 square feet-of "living space. In-the see—
1973—1974 the house was 100 percent ‘solar- ZE
and it.can get throu%h four.cold, sunless Januar——

‘ Admlttedly, it stands in California between Saxr———

cisco ¥nd Los Angeles where the winter isn t

On thé other hand, lhE house is versatile. C)n ?—
days:-the rcmf-stays clcs:d and opens up at mgh

heat from the house. acc:urrfulates in the ponds

" and at night it passas out to the sky by convect ===

radlatmn The !'ES!J“ according to the rep-s=m=m
" tenants, is marvelous alrsc;‘andltlnnfﬂg The sy =—=—

. also chieap—85000- ‘for-a-1000- squar&foal how———

" less if several are built simultancously.. Hay e ==
devzlﬂped a Sky-aThc:rm home for northem cir———

.. thx Trombe’ .of Frarce, anmher Df thes
. pioneers,” has approached space hgatm% with a_
the Trombe, Thermosnphunmg Wall. A black- gz
_ congrete wall faces south, behind two layers o= ——

" Theré are openings at the top and boftom of tE——

Cold air comes' from the hoyse through the

- opening, is/heated in froiit of the wall, rises as

will, then passes through the top opening and b==e==—
the hﬁusg ‘he system appears to be cheap, likee=—x=
"“and'in oné house in France, it has delivered & ——
percent of the necessary heat. The dESlgﬂ
“though, from’ the ironit deficiency of too mar=—=—=
houses. It doesn’t let.much sunlight in: there’s=—==
where one would like to have windows.

e Many of the hurdles'solas heating has
mount are related in one way or another to ==

' : v R-101 \



systems, and more reliable than most. Yt's well put
together and it actually works. '

e More promising, though, is the design now being
marketed by a little company in South Carolina called
Helio-Thermics. Inspired by the hotness of attics in
conventional houses, and working under a cooperative
agreement with Helio-Thermics, an architect named
Hayold Zornig and an engineer named Luther God-
bey, both employees of the Department of Agricul-
turé’s Rural Housing Research Unit in South Caro-
lina, designed this hot-air system. Mother Earth News
cheapest of all the heating systems available today.
Sunshine gets into the Godbey—Zornig house through
a double-glazed, translucent, fiber-glass roof. and
strikes sheets of black-painted plywood located in the
attic, heating ufy the air. Some heat moves into ‘the
living space by itsélf. There is also a one-half-horse-
power blower, hidden in a closet and activated by a
device which: Helio-Thermics likes to call “a comput-
er” and which Godbey describes as “just a plain old
solid-state control device.” The blower drives air
through the attic andown into the storage system, a
bin containing forty tons of railroad ballast and
located directly beneath the house's main floor. The
system has worked well, delivering about 75 percent of
the first Helio-Thermics house’s necessary heat during
an average 40° F winter in South Carolina: The “in-
cremental’ cost of this system in the little prototype
house, which has 1000 square fcet of floor space, was
hédn $3Q00. For a few hundred dollars more, the
provide 50 percent of the energy for a

homd’s hot-water heating. These figures, which come

Q

ERIC |

from the USDA, probably make this system econom-
ical today. The trick to cuttipg incremental cost,
Luther Godbey told me, is designing the system right
into the house, using the solar collector to replace the

[AFulex providod oy eruc [ T S R

-
in Massachusetts. Still, it is cheaper than many

Bryce Anderson and Goosebrook House

roof, placing the store right in thé foundation. He and
Zornig also strove to minimize the use of expensive
components such as ductwork.

The system is a testimonial to the low-technology
thing you can say for solar energy right now is simplic
ity.” lnttrtstihghal the idea came from a rural
branch of the USDA and was financed by a local
builder, not from the public coffers. Inggresting that
nothing half so economical has come from the Nation-
al Laboratories, which have received millions in
ERDA solar-heating research grants.

e A list of solar-heating wizards and important
names than the following: Shawn Buckley of MIT,
whaose “thermic diode” could solve a lot of prublems
for some ;\ ¢ water systems; Malcom Wells in New
Jersey, who'fiay be the world’s best designer of solar-
heated houses located partially underground; George
Lof of Solaron in Denver, one of the grand old men of
the trade and a pioneer in active hot-air systems,
David Wright, who has roamed the Southwest design-
ing dozens of solar houses, including many strange and
wonderful-looking passive ones. Thare is Norman
Saunders .of Weston, Massachuseus\ who stands
among the geniuses of the passive approach, eschew-

-R-103
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1ng moving parts. His latest design Is the Saunders
‘:-ui-;r "amlrmsg whn;h consists ofa lmn:luu_m pld&llk

lups gmi lmnsp.},rvsm on lhc verhga! f;mt:;, and precise
ly sloped and spaced so that summer sun can't get
through but winter sun' can Thére is ‘ulm Bruce

ilor

Anderson, more a synthe
His new. Goosebrook House in New Hd,,mpshln: 1»
‘1t auld for $70,000 four days after it

went on the market. the entire solar heating system

yqulle expensive

cost about $5000 Bul1t's a spacious home, designed to
be a showplace 1t woaves several strands together. a
grecuhouse (for heat as well as pfowing things), an
detive wate: roul collector system and unublrusive
passive features, such as a4 set of duors which slide on
lr‘;jl‘ks upl of the garage tu msulate the southorn

h()u},ﬂ. I VC S€€n

Unﬁkw.l)
B whe.e he got h uuaugiddudl’ de
physics and math; he says hé learned his engineering
in the Coasi Guard.) No list can exclude Thunmsun

ale 2 bunya vy 12 \ﬂlawb‘

BE Carcer began serendipitously "I hia 1a a
crue story,” he told me "It was 1 the Reade. Dirgest
The New York fim;:\LLl_i_t;uc’d e W 5L bsaad
1e was 1956, as Thomason reruembers it

- Quite Iueralg the man demands attention.

Thg!l\,ﬁ&

Newton
back in the middic of North Carohina farm country
"The wld Laun

1t had a tusiy 1 ul

land of sudden sumimcr thunderatorm,
he 1owalled

the dittwianee 7 A

atill stands the.o 7

fhat made Tisas déj UM Lwaling

dowa on e bain tuol, Thne ool tyai the bain

Suddunly huge Zleads odled 1
[ ran under the overhang o the bain (ool ond

“Liswn cani thy ratn

al . MaLal WLl |
ﬁ!&lhl ol

what we

thuught o a.yselt “(rush  Loal

luoked p o sec wheic U vas condn’ [1om

the old barn rowr Instandy ol cour e it
| tealized what was goin’

I just dashed inde, (he

vall a Haah of genius
“That's a solar collectur there ©
overhaug Cold water nad beon falltn’ on iy by ad
Mow herfe vamc warin aatoe on oy hew bon th L,
That was tac o sl Loapirats

Maiier and Bivwnn.,  Ca.u.,

Lhomaaon often referns to bl the 0 1 pliaoa
He wittes i his newslo it s ari A Rs OUL
wbout Exxon u.d governnizal agencie:
whe are discouraging solu, heat 7 Or, "Dk THOMA
50N WILL CONTINUE HIS ONE MAN (UNE FAMILY)
CRUSADE TO FORCE HUD, FEA, EREA’AND THE BIG ONl
COMPANIES TO STOP MISIEADING THE AMERIC AN
PUBLIC. THEY LEAD YOU TO BELIEVE THAT SOLAR
HEATING AND AIR-CONDITIONING APPARATUS 15 EX

ol

liie INTSTRLIETS

“he i s

and wirile.

K

Tinkering wug Sunshine

¥

FEQ:;IVI: IHlJPdr\;uDN Has 1ho Pruor, }uun;\;pm«_l

"SOLARIS IS VERY LOW IN «UsT

“He's his own worst enemy,” muny say Slevs By,
1> une ol the few pg;uplt: in the businéss wl'm duesn’t
,,,,, “Ihoma

son's 5ly|z " Bgu ﬁ:gl: he undusldn Thmna:un h.;;s

guu:::n a lo of Euud pn:s: lau;ly hla di‘iElplcs HGW

;p{:ndlng $194iuuu to test a Ihumaauu ,fu;un; Bul it
wasn'Ualways su He has had a long hard time getiing
peaphg (o take him Sﬁﬁuusly
Skeps |

ty because of his style, but als, vecause of the
that he makes foi his beainchild He say: 1hat acd wost
uf about $3500 his
percent of the heat 1ar a thice o1 fous bedigon hooe
ln a Modetately wa.omn Lhiate fu wha he calls * bitte:
“billuluuld Minngsuta © he

zaya he van gel you /o pa.cent o 34390

gism about Thomase.. o o, o, oy, )

Ldlay,

‘solaiia” dealgh will plu\xldg )

cold Massachusetia™ wi
[hisis gLt
halfl the cust ul neos guod witlive systuiuns and the
performance he boasts of 1s 20 or 30 ptu,u.l Detter
than most

His colle
Larn roof, painted black and ﬂ()vt:rgd with a single

Lol 1s €8Sentlally i Lulruguluj aluiniuin
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layer of glass, which is about as simple and cheap #s an
a@!{fsalar collector can get. Water flows in a thin
stream out of holes in a pipe that runs along the top of

" the cullccmr The water travels down the corrugated

valleys i into a ‘gutter, then ddwn to the basemént-into a
1600- or 2000-gallon water tank surrounded/by itones.

The water heats the stones, ablowet takés the heat’ .

from them and sends it into the house. The uUs.
Department of Agriculturé and Professor J. Taylor

: Bsard of thc Uﬂiversity of Virginia have tested the

,,,,,,,,, “The results of those tests
shucked ths nation,’ Thumason told me. In fatt, what
lhey showed was thal Thomgsun 5 Lﬂ"ﬁﬁlﬂl’& are qullE
And. Lhat is how lhéy Qperam. thal s the lnck! accurdr
ing to people like Bruce Anderson, who is executive
editor of Solar Age, author of the new book, Solar
Energy, and-a designer, and who installed a Thoma-
son-style collector on the Goosebrook House. What's

more, this collector seems to be virtuaally indestructible.

I heard allegations that high humidity and mold on
northern interior walls afflict some Thomasan houses.
But a family in Minnesota told me that their Thoma-
son home was fine and cozy. They said they used only
$25 worth of gas for their back-up heating - from

February 25 to March 25, 1977, which was a partitws -

larly frigid month up north. The builder said the
syslgm cost abﬂul SQD()D morc than a Thgmamﬂ unit
5yalcm are largz‘ a,nd the bu!ldcr aays e was a nuvice
at solar heating and aade some costly mistahes
Rhett Turnipsced an official in ERDA’s solar divi
checked out ihis Minnesota house. *l-keep
he (old me,
“Thomason’s systemi mahes 1eal good engincers climb
the walls It's a Pinto not a Cadillac It's like 8 Model
A, 1] rattle around sviie, but the data coiing in
looks good.

Wﬂfk‘i "

slon,
waiting for the other shoe to drop.”

He's a nttle guy with a widget that
[T wf e L}!ﬂ
b;;rn mﬂf, and o llu: dr\m]&: \ahlg.h llk,c;ncd I'L s sun
to Sir Isanc Newton, Steve Baer said. "Well 1t took

\Q?;v:un a whole heavy apple With Hasty 1t va. Just
a few raindrops ~

An ammms gloin.

081 pouple who are an
refinement of sola :élmg do ot s
ey WWEER ipate a new piece W hardware thut wiil
at once So]Vt: problems of retrofit, cost, performance,

and durability. If there is an astonishing gizmo

coming, it probably belongs 1o another solar technul-
ogy: phamvcltaiés,
It is impossible to explain the conversion of sola:

4

radiation .to power without recourse to specialized
language, and the specialized languags,itself 15 some-

times a disguise for a highly my;tsrmus_ process. As
one science writer has ‘put it, “Photovoltaics is basi-
cally an mcamprehc:nsnbl: drama.” It is perhaps

" enough to say that when spnlight strikes the crystal-

line forms of certain elements—silicon, for instance—
it frees electrons from their places in the atomic struc-
ture and thus generates a small electric current.

The potential applications of photocells appear 1o be
vast, ranging fn:xm cemrai pawer stations to neighbur-
r_;nf:rgy systt:ms for sing lE‘?ﬂmllj dw;lf;ngs Mdny whur
dream of local or petsonal self-sufficienty in energy- -
a dream which is generally described as “pulling the
plug on the utilities”—look toward phumcell,!!ltxh
interest and anticipation, and so-do many solar-
healmg al’EhllEC[S 3nd engme:ra““l;lybrld syaxvsms

;Dsglng a gmal deal _molje than\* thr: hﬂuse:s they re
auached 10. SD f’af the gnly pr’actical uses fnr phmx}

- remote an:hlpelago:s, "[hmlgh phom«:&lls proved

themselves to be reliable and durable in those applica- -
tions, power from a photovoltaic system today would
cost Lm:ﬁty Lhirly‘ or maybé even f’urly times as much

ﬂl‘d
autec American homes now run almost .:vxLlual\mlj un
alternaling current, a converter must b% used Storage

PhulDﬂSIELlrlL LE"& pmdu;: dm:cl currenl

i3 a more sovere impediment; the absence of a cheap

4y 1o sture electrical encigy afflicts the entive power
Industry, and a great deal of research 1s now unde

ay The space station approach to pthD\lulldlL
ayaleas 15 10 essence a
dilemima Ly putting the cells in a place where the sun
always shines, but that may be the most expeasive of

1 plaa (0 gel around the sturage

é“ pi)a;-iblt; sulutions Somie researchers an ow up lhéll
never be maie lhfm a aup!_)lﬂn.;n! l,g ;uuv@nlluug\,l ,ud

nuclear cential Puws:l ala,luﬁ cnetpy Some look Lo

Some f!;t:l lhr. answer lics with the gu@d uld lgad asld
battery, o1 maybe with the sodium sulphur nigh-tem
porature battery, which is being developed fur electrie
Toeday,
accﬂuuts ﬁ;r al}i)ul halfgf' thzir cost. Al lhi;‘ one pmnl I

cars the wiring and packaging of cells

rmu:.ly by hand. (Th:;apc:r u:chmqut:. rmust bc apph;d
lﬁi:xpénsnn: ways of mslal!fng rays of cells must also
be found, and ultimately: bm:lyz

Thomason and Baer might be enlisted in that ¢ffory

ard inventors such as

=
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M:l\!ES a prubleT ﬁ;r :Dlld slate phy:{ jsts, not fur
solar-heating wiards. The material used most often
for, the absorber plate, which 15 theteell's main

mrnpqm,m has been silicon, the second mgst abun-

-dant element on earth, after oxygen. But producing,

singlescrystal silicon hasn't been cheap. In the past_ a
high-punity, eylindrical

and then cut hke'a bulugrm i

Ingot of crystal silicon was
drawn from a crucible
shv:g:ts a t‘r’ﬁbq,hniis‘;}dlhs of an“inch thick 1t was sluw
,,,,,, Up 10775

pt:.lLthl uf the a!!h.—un was h_Lu i1 the form ui cxXpensive
Then, several years Iyco Labs 1n
Waltham, Massachusetts came across a way of “grow
ing*the silicon crystaldn a very thin continuous sheet,
whmh could b;— sunbcd ﬂnd cul wuh I't:ldl]VL‘ ease :md

was 1 ulicd

sawdust! dgu,

H's work s

li‘_ ;.7
Yfomising ap-
here arg many
others. ﬁBathgi partly by federal mghey, about fifty |

Dwnu:l by M()bll Lﬂrparatmn M(,A
considered to be among rhé “most
proaches in the photavoliai¢ field, but

organizations T’m\ﬂ; joined the segtch for a cheap
Iversitles national

nd :large’ concerns

Investigators include u
small companies,
KA, Shell,

photocelt
laboratories,

=f,§u!|!‘| txas lustru

I talked 1o representatives f1om Mot Lycu, Lo
ERDA’ solay division, fronr solar Power ‘orpordtion
{an Exaon subsidiary) from Lincoln | aboratory
Optmiam was geueral e casg ol phote clectite wells
has alicady come dow . from sooat 330 per watl o
about’ 315 and sumie tescatcners coam thae they 'l
hdave the price dowin 10 32 0 watt WBhin the noal two
years EKDA nas dewrced thay the cells will cost fifiy
watt by the mid 19805 wad something hie

thirty couts 1. the 19%0: Foon at Bla watt luige auw

cenls

Markots should op e up Optu divides oo the Cuea

Livri, bui suine fi:hi;int;h\ %] h;tl faa) at lllll\:y w Hls

wull phelovoltate cells couid gial 1 s able chunk of

the rzsidential market
-
Lass d X +3

The ceonomies o 11, Ll

walcrtsin as thos, it tn phute. [ oad NIRRT

nuelear fustoa which has yet tu be pre on leastt o

even In a laboratory  the photc elieting at 1a la
advanced MNevertheles. 1nnscal 1978 (he LoVe el
will spend six times moie ‘rrmng) win fuston and twolve
tmes more on the brecder than on photocglls And if
the 360 million allocated o photovolisies ip 1978 15
tow liul; ds S0mME FesCuar.Nicrs aay ERD;; Jill sl
have trouble h andlng outl the oot FRDA has only
four people working-ih photovaltaig., (inc.. the .glcs
of the Washington funding pro

o with $60 mllllun

small number to g

L]

L4

A solagr phiiiﬁfﬁllhif

¥na fam?f'@mium the su1enUass VW HAM Vo Ara
foresces a chanfe in the hurdwaic hanging

frDm the clectrical tianstission fowers that
slﬂdt in all directions f#oss the United States, Thtat
tall backbonesl the central-po
to heat and light re stripped off their high-tension
wires. Von Arx imagines windsfills aitached 1o them

r-stalion approach

Instead L
Ascnlo colentist avthic Wl Hale oy o e apbi
stitule, von Arx has beun a pr‘\)fc'ﬂ(‘) al M” and .

Lunsullanf“lﬂ 4 wide variety®ol scieniific .;LELI']LIL: suLh
as the Natonal Science Foupdation, NASA and the
Nutional Academy of Scienfes € hanging the dugg‘
tion of his -research :vz:rj#»,:n yedrs of 50, lo avord
going stale,” he has worked “in and between™ the
ficlds of astronomy, meteorology. gevlogy and vuean

ography. “!‘v;: wams—d to understand the physical cnv
ronment of fnan, " he prlan; hig inquiry has led
him finally tb thL g embe un& h;‘\i of energy He

has approached it, parlly ‘as a guy wnh Yankee nge
nuity léoking for the \Model iF
Buf he hasn't found that thing of

lhlngs yel. v '3 N\
Ariong other roles. van i{rx is \
cofisultant tu the “New Alchemists ™ \

a leglon o biologlsla, a.chintects, and
lapsed aademivs tui..od backya.d i
Wdya L
“elond
Ihop™ bratogleal systeais ay ems 1

which nodhing can be di,

veftors who are studying i

nfodern technol gy inte

drded o

used up with inipunity  and

whie o In that inae a0,



ERIC]

Aruitoxt provided by Eic:

tended as metap
about 31000,
field behind }
Falmuuth 0

vrx has built a solar pond pn the
| lgl'm-\rﬁ‘jr 5t headquarlﬁrs near
’ ;‘/mz Cod, Thisshallow conerete pool,
with water, brine, and paruaes of coal,
fect in diameter and produces some

four kilc Qf thermal energy by Ju;[ sitting in the
sun  eflough heat, von Arx maintains, o warm about
a third of a/typical Cape Cod house. But the pond idea

is uld and alrt;;d)'wi:ll:inVE;\sllgaléﬁf‘prinCipaHy by Dr
Hepry Tabuor of Isracl and its pussible applications
appeat tu be severely linuted. Von Arx has also drawn
up plans for a unity heating system, suitable for
suburbia, wh mploys undgerground aqqgférs to
store summer heat for winter use. A group in Téxas is
ing idea, yet un

working on this. too. 1t 15 & prom
tested. Today, von Arx remains primarily a theorist.
He Dhives a few miles from his pond 1 an airy

imoder n house surrounded by vegetable gardens, on a
hilltop overlouking Buzzards Bay An cleven-inch tele
scope s set up on the gruunda The morning of the first
day of last summer found lhi: ‘:demlll near his front
door chattering away in a 5\,\\ tle southweste: and von
Arx inside listening to a [:ml:thgl dm broadcast ot the
Latiian celebration ol the sunume solatice
i"!zt.‘ is a man of medium height,

bl kil
cienl solar rite
vIgoruus and muscular thmqﬁh a4 prodiglous sinoker uf
‘F‘a” Malls He will nut name bt age “lerssay Lo

over s1aly - He was wearng shions and sandal s 1w

«ul and a Jose cropped white beard. Vo Ars has a
way uf nmahing his eyes 3Fpeas (0 gria, Ho uses this
%ﬂ\rﬁul. sl ;m}lca Lt yu, ;llf}

gesluie and other morg

stalemienla Hke thesg h wooled about the Tong
teim future, {f vherefl.
“The thieat of pl

miedl.,

w0 bea Inué Lesng [o s i
ST SNV YT SENY-1 fai

I‘idghl\;!
!!|x})!yillé, it

tha o th

has led u. to beliove " G nan.(Cal

phld;u L wncig, s e v ader aligs of
I ' = k . , =
coutas W got v e heasa 7

Ak oy Loviaa $ha aa s 0, Lde w0 e

phone wioh von ara wriles of
movelicnl” which has begun “a,

industrial .;ih,lg- v wineh his adwe. sa. 1en

CRdAI G ol thd
lo a phru.e
sk U ovlns desaitlies thi

love 1o ndvera ol s

".,ul..uullgxggd L, Mave y purvaaly s ’ [!idCCij? |

hatd (o KIOW Juit Bow PJeivaslve sUG 4 st al

alaty e 1o ol lous o

lnlg,lu L. Bu. 1. . |
gglh(::!lig,, lihke the " Towaia Fair ™ U o

! dEELy D Lagw

tetested ho oweaklng hard 10 wonninee

=
he 1s one .t {this C o logaant

1 [JTSIRE T IS |
. sHe mrl YA he s uahlllgr-gl

“from 4 global |

awd wredible\ spokesme
E’ﬂi:fg}'
argument reproduces the
mucher small-i1s-beautiful

Al ul view ,!:;-r;.mu_um
Fovias and the B F. Schu
ae. but from u naturalist's
Fves ﬁm‘:}/l/ht Cru

I

a8

G L1

1 5ub tdptla, s dal,

&

T

mankind has IAfﬁalead. the

sades, vun Ara belicves,
plané‘l\zhs if it were “an epen ecosystem 7 To him,
nuclear eneigy 1s merely another attempt o perpetu

ate UHs-da angervus violation of “the limits p natuzal
abundance.” We must use lcss chergy db5u|u[r:|y _ahl:
feels. and inuch ore vl whal we use musf be of the
renewable kind This would be the ld;dl “To live by

the natuial reghaen of the sun.’

v 31 1l alioes ddian L oatiboadan, S0

ci.tt ar snall
hcam.g aren't llk\:ly to be ns;gmi.cant
Andtrsﬂﬂ' conterida, “Ouls of- aolar heating

i he effort to waamn living

Bruce

pames cnergy ¢onssivation ™
fhofs with sunshine docs scem to have given solar
healing enginders and people who live in solar houses a
awareness of encrgy, how hard 1t 1s to gather and
confain, and how precious “Insufate before you in
has beCome the first principle of the trade

velations come from solar heating 1 have in mind

ne
solale,”
the 50rt of thing which the siaty five year-old wutre
while we were adaiting

sular heatud Acorn
“IUs fanastic whay volumes of cnergy
“You
Anow havifg a two galive an hewr ol fuinacgt, your
a bullduze. down there, And
that a a pretiy prowerful proce of ma«hinery, a bulidos

prencur Jotin Beuits told e
one of his elegant expensive,
Slructu.ca
we're used 10 having in a house ” mused Bemis
Lasgiaenl 1a Lk - lmvins

G
1
R - SV O! R
ul aola !eé\,il!ig ved sl

wltlns, P S

T Y Y |
LI E IS )

signlll g the oaer sala

ihon
scll nfen med partoipainis b thz, nelgy Jetate

asla W i3 Laslet 1, oace

Na..
such ws the ardandy pro-nuclear K. };(iis'\:!xlgli'\c Mik.

!»Llhu\q v oaal Linkpaon Lan

At ornack hodd that solar ana naclear teuhnciogies
gty Lul tnatu ;Hy th]usi?c W nust laoh Lo buth o
the Tuti o thy say and e be by . Ellbhlll\ pros
e b terin: Buae (o wdar theoilia the 1;!)[3!‘)4%!!(;5 Lse
aali & wht nthoae cwo b x.L!h,)luE!l, cacTEsSent are » ol
coinpadble
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powes o the s b frons whlon th aun
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beginatng

dina. 1 wpa st

t,u\ugé | S Y l,:‘h b bas T bho aas
nl\lxk it

b oLhe e The wlén ol waltig this
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s v of wznfaction 13 pih Aul puip ae had cen

1. Jda | uWen wouuld be an
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dlune, (&Nl 4 wvay of [;.,ggllln HHuushiug Bat now

the selar advieates have redefined the asues In then

.u!!) to weldlect the

while

¢ osotght tu penetiate (he asar i of the

thevanie sulac technologies acck

enérgy o« hich nature has provided nuclear

w nphl,fu,l,luﬂh k.
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~ sun and have set about recreating versions of the solar
“furnace’ on earth by gma.\ahmg atoms. To the “solar

advocates, nuclx:ar energy stands for am arrogant,

_gggn:suve am:mpl to ma#er nature, while the solar

- approach is a humble, ,,p_amv% effort to make, peace
witlf the planet..

Outside Bill von Arx's front door the tittle windmll

ISF‘WhIFIFﬁg in the freshening breeze off Buzzards Buy.

a
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* some tesefeet all. ©
Lhen he points up toward the morning sun, which
““supplies the force that drives his windmill; and grin-

oem T et Ty i

VT‘ Arx ands Lﬂﬂ{&,mphllﬂ&hl& plt:u:mf ma-
hinery, which looks fike fthe skeleton of dn‘{urpldm
with the prupgllt.q‘?nll inlm,l mounted i a tripod

“1 lhmkHl s beautiful.” h¥says. And

ning. he éxplains, “That’s a safe distance for 4 nut‘kdr
reactor And it rums una[lgndgd you see " [
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